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ABSTRACT 
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Conference on Sea Turtles, 24-25 July 1976, Jensen Beach, Florida. Fla. Mar. Res. 
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INTRODUCTION 
George E. Henderson 
Florida Department of Natural Resources 
Marine Research Laboratory 
The Florida Department of Natural Resources 
(FDNR) has a long history of involvement with sea 
turtle research and management. The Department 
has coordinated and issued permits for dealing with 
these animals as provided in Section 370.12 Florida 
Statutes and in 1976, FDNR recognized a need to 
assemble investigators with turtle research and 
management experience. Mr. E. A. Joyce, Jr., Direc- 
tor of the Division of Marine Resources, envisioned 
a conference where information gaps, research 
priorities and potential management problems and 
solutions could be elucidated* He hoped that the 
conference would highlight successful 
methodologies and techniques, encouraging wide 
adaptation of such methods. At the Florida and In- 
terregional Conference on Sea Turtles, held July 
24-25, 1976, interested researchers were able to pre  
sent papers and hold forthright discussion on all 
aspects of sea turtle life history and management 
formulation. The conference provided information 
out-reach both for governmental policy makers and 
for the general public. 
At the conference, there was an exciting min- 
gling of great interest, broad experience and 
research competence of many investigators and ad- 
ministrators. Animated discussion followed every 
paper. Discussion sessions were open, uncom- 
promised, and clearly focused on marine turtles. The 
first of two discussion sessions involved Archie 
Carr, Nicholas Mrosovsky, Rene Marquez M., Peter 
C. H. Pritchard, Larry H. Ogren and Ross Witham. 
The second session was an open discussion chaired 
by Dale S. Beaumariage. Repeated themes dealt 
with research needs, methodologies and manage- 
ment strategies. Both sessions generated ideas and 
comments on the requirements for sound turtle 
management programs. 
We have organized the information presented at 
the Conference in the general subject areas of 
Hatchery, Rearing and Physiology; Population 
Dynamics; and Management. These three headings 
also indicate major areas of ongoing sea turtle 
research and research needs. 
Over 99% of sea turtle research seems to focus 
on female nesting and hatchling emergence, even 
though this is less than 1 % of the turtle's ontogeny. 
Concentration on nesting is understandable, con- 
sidering the extended migrations, remote feeding 
areas, and unknown age and growth characteristics 
of marine turtles. 
Our panel discussions indicated more research 
needs to be done to answer physiological and 
behavioral questions concerning sea turtles. More 
research needs to be done at sea, where the animals 
live. Research experience gained in Australia (Booth 
and Peters, 1972; Anim. Behav. 20:808-812) on the 
feeding and mating grounds was a fine start in ex- 
panding research seaward. Frick (1976; Anim. 
Behav. 24:849-857) swam with hatchlings and noted 
their inital orientation. However, life history stages 
are still not adequately understood so that release 
strategies can be developed for hatchlings which 
maximize their potential survival. 
In pursuing behavioral and physiological 
research, we should define thermal preferences as 
well as tolerances and use this information to 
modify research objectives. Accumulating evidence 
indicates at least some sea turtles do "mud-in" dur- 
ing winter, not only in Baja California but also in 
Mosquito Lagoon, and Canaveral ship channel, 
Florida. Since a benthic association was never seen 
by Schwartz in several years of cold water ex- 
perimentation in North Carolina, mechanisms of 
such adaptations remain to be determined. Water 
temperatures at nesting beaches may be significant 
in determining number of nests laid or crawls at- 
tempted. We still do not know the temperature and 
moisture requirements on beaches, or effects these 
have on the sex ratio of hatchlings and hatchling 
survival. 
In the area of population dynamics, nesting 
survey and tagging work requires both standardiza- 
tion and diversification. Morphometrics and en- 
vironmental parameters need to be taken and 
reported uniformly, enabling better interpretation 
of results between projects or areas. A tagging 
methodology should be standardized. An important 
need is the development of a durable, permanent tag 
which could mark a turtle from hatchling through 
adulthood. Remote tracking must be developed to 
follow migrating turtles by radio, laser, or other ad- 
vanced technologies. Simpler methods also should 
be explored in extending life history studies to 
juvenile turtles, such as Dr. Ehrhart's netting work 
ongoing in Mosquito Lagoon and Indian River. 
Florida. 
Age data is necessary to construct a useful 
model of population structure, yet there is no 
method to reliably age sea turtles. Correlation be- 
tween size and age gives only a crude estimate. No 
estimates of wild growth rates at any life history 
stage can be considered accurate. Captive growth 
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appears much faster than growth in the wild, but 
data is insufficient to make any correlation. 
One area of turtle management frequently ad- 
dressed in discussions was incidental catch and its 
impact on turtles and fishing interests. Many atten- 
ding the conference felt incidental catch constituted 
a serious problem relative to other detriments to 
population maintenance. Special concern was ex- 
pressed for the effect of near-shore trawlers on 
turtles during nesting approaches to and departure 
from beaches. One reason data may show only 
minimal impact is the reluctance of shrimpers and 
other commercial interests to report incidental tur- 
tle catches for fear of restraints being placed on 
their fishing. Conferees stressed the importance of 
education concerning turtle behavior and possible 
ways to mitigate both incidental catch andlor re- 
sultant turtle death. More research on diving and 
circulatory physiology and behavior is needed to 
develop strategies that minimize mortality in 
trawls. To this end, the NMFS has begun determin- 
ing how turtles get entangled in shrimping nets. 
They are developing and testing excluder panels 
that offer great potential for reducing incidental 
catches. 
The sea turtle presents a unique situation in 
resource management. These animals have been 
heavily exploited, principally during reproductive 
stages when females are nesting. Marine turtles are 
now completely protected in southeastern states 
and pressures of direct harvest on adults or eggs 
have been greatly reduced. Vigorous law enforce- 
ment and expanding public education should vir- 
tually eliminate poaching throughout the US.  
Some areas where protection is needed have not 
yet been dealt with. Heavy egg predation by rac- 
coons is a continual problem that limits recruit- 
ment. Other pressures on population stability are 
greatest during nesting and primarily caused by 
man's environmental alterations, Negative impacts 
include habitat loss through beach development, sea 
wall construction, excessive noise, and light. 
The possibility for effective conservation world- 
wide may be realistic, if even partial management 
concepts can be introduced into less capitalized 
economies which have historically harvested turtles. 
The general resource overview papers published in 
these Proceedings provide excellent introductions to 
knowledge of turtle management in selected areas. 
P. Pritchard's overview of the Micronesia Trust Ter- 
ritory situation has been expanded in his recently 
published synopsis of this area. The report of Dr. 
Marquez presents an ambitious plan for turtle pro- 
tection in Mexican waters despite political and 
socio-economic conditions affecting its implementa- 
tion. The Kemp ridley overview from Texas and 
subsequent US.-Mexico cooperation in beach pro- 
tection, hatchery, head-starting and nesting range 
extension is an effort which may save this turtle 
from extinction. 
Management techniques embodied in hatchling 
release programs have apparently not aided popula- 
tion recruitment despite a time frame sufficient for 
maturation in the wild. Nest protection and release 
programs need to be continued and organized over 
the species range and a methodology developed that 
yields optimal survival. Likewise, head-start pro- 
grams (hatchlings grown in captivity for up to a 
year before release as a juvenile) must be evaluated 
so that release techniques or locations will enhance 
survival and reproduction. Beach releases of 
juveniles may be without value if an important im- 
printing period has been missed. Returns from the 
FDNR green turtle head-start programs have 
demonstrated post-release survival and growth. We 
still have not determined, however, if this survival is 
optimal, if it can be improved, and when these 
animals enter the nesting populations. 
The Florida Department of Natural Resources 
sponsored the Florida and Interregional Conference 
on Sea Turtles in hopes of furthering the knowledge 
of sea turtle preservation and management re- 
quirements. We drew on the resources of turtle 
researchers especially from the southeast United 
States. The results of the Proceedings give much 
useful information in three main areas of ongoing 
sea turtle research: Hatchery, Rearing, and 
Physiology; Population Dynamics; and Manage- 
ment. Although most past sea turtle research has 
been done at the most accessible stage, nesting, the 
Conference provided researchers the chance to pre- 
sent and discuss data in areas such as thermal 
stress, nesting survey and tagging work, morph- 
ometrics, endocrinology, habitat encroachment, and 
incidental catch. Although there are many 
unanswered questions in the life history of the sea 
turtle, it is hoped the knowledge gained from 
research such as that presented in these Pro- 
ceedings can help in the understanding and preser- 
vation of these endangered marine animals. 
NUMBER 33 3 
A PRELIMINARY INVESTIGATION OF THE EFFECTS OF CHEMICAL STIMULATION 
ON THE LOCOMOTOR BEHAVIOR OF HATCHLING GREEN TURTLES (Chelonia mydas) 
James A. Bennett and Herman Kleerekoper 
Texas A&M University 
ABSTRACT 
Locomotor behavior of seven hatchling green 
turtles, monitored electronically, was affected by 
stimulation with shrimp extract released from a con- 
cealed point source. Studied locomotor variables 
were size and frequency distributions of left and 
right turns, step length (straight path between 
turns), and velocity. The responses occurred in 
animals which had been immersed in water and fed, 
but not with shrimp, prior to stimulation, as well as 
in one hatchling naive to those conditions. Two 
animals, including the naive hatchling, evidently 
localized the stimulation source. 
INTRODUCTION 
Various species of marine turtles exhibit hom- 
ing and migratory behavior revealing highly effi- 
cient orientation mechanisms, the nature of which is 
virtually unknown (Carr, 1963, 1967; Ernst, 1968, 
1970; Emlen, 1969; Witham and Carr, 1969; Ernst 
and Barbour, 1972; Burnett-Herkes, 1974). Some 
phases of these migrations, e.g. final approach to a 
beach, may involve olfaction to locate appropriate 
nesting areas; olfactory mechanisms have also been 
proposed for long range orientation (Koch et. al,, 
1969; Carr, 1972). Olfaction plays an indispensable 
role in homing and general orientation of several 
species of fish (Hasler, 1966; Kleerekoper, 1969). 
Fish fry can be imprinted with the odor of spawning 
grounds for orientation in subsequent migrations 
(Scholz et al., 1976). Marine turtles may use similar 
orientation mechanisms. 
Functional olfactory sense in these animals has 
been physiologically and behaviorally demonstrated 
(Boycott and Guillery, 1962; Tucker, 1963; Tucker 
and Shibuya, 1965; Manton et al., 1972). Through 
operant conditioning, Chelonia mydas learned to 
detect various substances dissolved in water by 
means of olfaction (Manton et al., 1972). Use of this 
sense during underwater locomotion by various 
species may be deduced from observations of 
Walker (1959). 
Specific beach odors and water current direction 
may be among migratory cues used by adult green 
turtles. Hatchlings may be attracted to sargassum 
in the course of their unknown wanderings from 
rookeries and spend the "lost year" in that vegeta- 
tion (Carr, 197 2). However. spontaneous responses 
to olfactory cues have not been experimentally 
demonstrated in either adults or hatchlings. Quan- 
titative information on locomotor behavior in water, 
in absence of directional cues, is also lacking. 
This paper deals with initial results of ex- 
periments designed to verify locomotor response of 
C. mydas hatchlings to chemical stimulation with a 
food extract released a t  a discrete locus. 
METHODS AND MATERIALS 
Rationale underlying our experimental ap- 
proach was identical to that described for studies on 
fish orientation (Kleerekoper, 1969; 1978 a, b, and c; 
Kleerekoper et al., 1975). I t  is proposed that 
locomotor orientation in response to a sensory cue, 
in many animals, is essentially a modulation or 
modification of locomotor behavior prevailing prior 
to perception of that cue. Detection of modulation 
resulting from new sensory information would re- 
quire quantifying locomotor behavior prior to 
stimulation. Accordingly, locomotor behavior of 
seven hatchling C. mydas was monitored during a 
control period and during the release of shrimp ex- 
tract. 
A locomotor pattern is the combined effect of 
temporal and spatial interrelationships of a 
restricted number of variables (Kleerekoper, 1969). 
These are: frequency, size, and ratios of turns; step 
lengths (straight paths between turns); orientation 
of steps; and velocities. 
Locomotor behavior was monitored in a tank, 
5.0 x 5.0 x 0.5 m, the floor of which was embedded 
with a square matrix of 1936 photocells on 10.0 cm 
centers, photosensitive surfaces upward. A con- 
tinuous field of collimated light, suspended over the 
tank, activated the photocell matrix which was in- 
terfaced with a digital minicomputer, tele- 
typewriter, magnetic tape unit, and plotter. Position 
of a photocell shadowed by a passing animal and the 
time of this event was recorded and stored on a com- 
puter disk pack. From this raw data, we determined 
animal position, velocity, magnitude of turns, 
length and orientation of steps, distance covered, 
and temporal distributions of these events. 
Water entered the tank through one wall, made 
of ceramic filter plate, and exited through a 
similarly-constructed opposite wall, producing 
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laminar flow. This permitted creation of discrete, 
controllable distributions of chemical solutions so 
that turtle behavior could be analyzed as a function 
of chemical distribution in the water. The system 
was supplied with filtered, synthetic sea water 
(30 Oleo; 27°C) a t  a flow rate of 1.0 cmlrnin. Release of 
the stimulant a t  a discrete locus was through one of 
200 blunt hypodermic needles, embedded flush in C H E L O N I A  -5 
the tank floor (square matrix on 20.0 cm centers). A 30 - 
metering pump was used to introduce the stimulant. 
Experimental animals were obtained from the 1 HOUR S H R I M P  E X T R A C T  Florida Department of Natural Resources with the 
help of Mr. R. Witham. Turtles used in these ex- 
periments were received on the day following hatch- 
ing (July 29,1975). These eggs were collected by Mr. 
Witham on Hutchinson Island, Florida the morning 20 - 
following nesting. Incubation occurred a t  nearby 
Jensen Beach Laboratory. Seven of eight animals 
were maintained (16-51 days) in fiberglass tanks 
(100.0 x 48.0 x 35.0 cm) in synthetic, filtered. N- 6 4  
aerated sea water (25.0-28.0 cm depth) a t  27°C and 
fed daily with fish, green-leaved vegetables, andlor 
various cuts of beef. The remaining hatchling was l o  - 
confined (7 days) to a Styrofoam shipping box (24.0 
x 16.0 x 12.0 cm) with wet burlap flooring. The 
hatchling was not fed prior to experimentation. 
Frozen shelled shrimp were macerated and 
filtered after addition of monitor system sea water. 
Further dilutions produced a stock suspension 
which was frozen in plastic bottles containing 150 
ml each. One hour prior to experimentation 300 ml 100 0 100 100 0 100 
of stock solution was warmed in a water bath to ANGLES I N  DEGREES 
27°C and diluted to a volume of six 1. This dilution 
the g" fresh* Figure 1. Chelonia rnydas. Effect of stimulation with shrimp ex- 
shrimp. For one hour immediately following a 24 hr tract on the frequency distribution of angles for the control tur- 
control period, stimulant was pumped at 55 rnllmin tle, and one representative experimental turtle. 
TABLE 1. Chelonia mydas. SUMMARY OF EXPERIMENTAL CONDITIONS AND COMPARISON OF THE EFFECTS 
OF STIMULATION WITH SHRIMP EXTRACT ON FOUR LOCOMOTOR VARIABLES. 
Experimental Conditions Results 
Turtle Days Days Phases and Duration 
Number in Main- of Experiment 
Styrofoam tained 
Increase ( t ) or Decrease ( 1 ) Resulting 
From Treatment 
Box and Fed in 
Aquarium Control Period of Period of Mean Mean Mean Mean 
Period Stirnula- "Stimula- Left Right Step Velocity 
(hours) tion with tion" with Turns Turns Length (cmls) 
Shrimp Sea (degrees) (degrees) (cm) 
Extract Water 
(hours) (hours) 
1 I t 1 
t t 1 1 
t t t 1 
1 I I t 
1 1 1 t 
t t 1 t 
1 no change no change 1 
t t I t 
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Figure 2a. Chelonia mydas. Computer plotted locomotor path 15 Figure 2b. Chelonia mydas. Computer plotted locomotor path 
min prior to release of shrimp extract. during 15 min release of shrimp extract. 
Direction of flow (1.00 cmlm) indicated by arrow. Asterisk indicates point of release of extract. 
through plastic tubing connected to a single needle o. w 1 0 . ~ 3  20.w 30.m ~ 0 . 0 0  
nearest the monitor tank center. 
RESULTS 
Table 1 summarizes experimental conditions 
and analysis of four locomotor variables: mean angle 
of left and right turns, mean step length, and mean 
velocity. Mean values of the control period were 
compared with those for the experimental period. 
Chemical stimulation affected frequency distribu- 8 
tions of angles of left and right turns for one 
representative turtle (Figure 1). Reduction in height 
of histograms from control to experimental time 
periods indicates a decreased frequency of smaller g 
turns compensated by an increased frequency of 
large turns. There was also an increased mean angle 
for both left and right turns during stimulation. 
All but two comparisons (Table 1) show dif- 
ferences demonstrating locomotor behavioral 
changes in response to chemical stimulation. 
Although these changes appeared inconsistent as to 
direction, turn angle and step length, three ex- 
periments (2, 6, and 8) showed an increase in both Figure 3. Chelonia mydas. Computer plotted ~ocomotor path of 
naive hatchling during stimulation with shrimp extract (approx- left and right turns accompanied by a decrease in imately 
step length. 
FLORIDA MARINE RESEARCH PUBLICATIONS 
Locomotor tracks of two turtles gave strong 
evidence for localization of the stimulant source 
[Figures 2 and 3 (Turtle 6 and 8 in Table I)]. In 
Figure 2 the locomotor track is represented for 16 
minute periods prior to and during stimulation. 
Figure 3 illustrates the activity pattern during 10 
minutes of stimulation for hatchling 8 which had 
not been immersed in water or exposed to food prior 
to this experiment. 
Our results suggest a response and orientation 
of turtles to chemical stimulus. Data presented in 
Table 1 as well as data of experiments in progress 
will be examined by means of time series analysis, a 
promising analytical approach for data of this 
nature (Matis et  al., 1974; Matis et al., 1975). 
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ABSTRACT 
Research was conducted on eggs and newly 
hatched young of eastern box turtles (Terrapene 
carolina carolina LinnB) over the past few years. In 
1975,48 eggs obtained from captive females were in- 
cubated and growth of young evaluated for 95 days 
a t  30°C. Eggs incubated a t  24, 30 and 32°C ex- 
hibited mean incubation times of 80,52 and 54 days 
respectively. Eggs incubated a t  34'C failed to 
hatch. Hatchlings from eggs incubated a t  24 and 
32°C were slightly smaller and had decreased sur- 
vival rates than hatchlings from eggs incubated a t  
30°C, Hatchling growth from eggs incubated at 24 
and 30°C was nearly equivalent, and growth rates of 
both groups were four times the growth reported for 
hatchlings reared under field conditions. 
INTRODUCTION 
Eggs and newly hatched young of all turtle 
species share several common physiological and 
developmental characteristics. During their long in- 
cubation periods (50 to more than 100 days) egg 
predation is considerable. Even the most optimistic 
estimates of sea turtle survivorship indicate that on- 
ly one percent or less of the hatchlings will survive 
to adulthood (Hirth, 1971; Bustard, 1973). An ob- 
vious and expedient approach to increase sur- 
vivability would be to manage these early critical 
stages in such a way as to increase percent egg 
hatching, and more importantly to increase the sur- 
vival of the hatchling to a less vulnerable stage. A 
great deal of work has already been done on this 
aspect of sea turtle management (Ehrenfeld, 1974; 
Bustard, 1973; and others). 
I t  has been demonstrated that increased hatch- 
ing success can be attained by protection andlor 
aritifical incubation of turtle eggs. This is done by 
collecting eggs from nests of wild stock or by 
establishing captive or semi-captive breeding col- 
onies. 
Our research has been concentrated on the 
eastern box turtle (T. c. carolina) because it is abun- 
dant in the Washington, D. C. area, and box turtles 
are extremely docile animals which thrive and readi- 
ly reproduce under captive or semi-captive condi- 
tions. Over the past several years, captive breeding 
colonies of eastern box turtles were established. Un- 
til 1973 the principle objective was to provide newly 
hatched animals for National Atmospheric and 
Space Administration space biological research con- 
ducted by the Department of Physiology and 
Biophysics, State University of Iowa, Iowa City 
(Wunder et al., 1974). 
Techniques for successful incubation of box tur- 
tle and other reptile eggs have been established (Di- 
mond, 1954, 1965; Legler, 1956). Current efforts 
have been directed toward growth and development 
research and in developing management 
methodologies applicable to endangered reptile 
species. The purpose of research reported here was 
to establish upper, lower and optimum temperature 
levels for the incubation of eggs and to establish im- 
mediate post-natal growth of the juvenile under con- 
trolled conditions. 
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METHODS AND MATERIALS 
Adult animals were captured in Maryland and 
Virginia between 1966 and 1976. They were main- 
tained in two enclosures, one on the grounds of 
Trinity College and the other in Gambrills, 
Maryland a t  the senior author's home. Enclosures 
were constructed of chain link fence, including tops, 
The Trinity College enclosure measured 5.5 m long, 
3.7 m wide and 2.1 m high. The Gambrills enclosure 
was 5.5 m square and 1.8 m high. The two 
enclosures could accommodate about 150 adult 
animals, although fewer than half of that number 
were usually maintained. 
Habitat within the enclosures was provided by 
small trees, shrubs and piles of rotting leaves. Small 
rectangular, wooden boxes open a t  one end were also 
provided for shelter. In the Trinity enclosure, a 190 
liter cement pool provided water; in the Gambrills 
enclosure, a sunken plastic pool approximately 90 
cm in diameter and 10 cm deep was used. Smaller 
drinking pools were also situated around the 
enclosure. 
Adult box turtles appeared to be opportunistic 
feeders. During spring and summer, a diet con- 
sisting of table scraps and various fruits and 
vegetables was provided. This diet was sup- 
plemented once per week with a mixture of raw fish, 
raw beef and bone meal. 
Animal activity was monitored twice daily from 
the first week in June through the last week in July. 
Animals were fed and watered in the morning (ap- 
proximtely 0630 hr). Egg laying was monitored 
from late afternoon until evening (approximately 
1700-2200 hr). 
When nesting activity was observed, a small, 
brightly colored plastic stick was inserted into the 
ground approximately 10 cm behind the animal. 
This insured accurate location of nests after females 
had effectively camouflaged them. Accurately 
locating nests minimized breakage of the thin- 
shelled eggs during removal. 
Eggs were usually removed within 24 hours 
after laying. Egg removal during nesting has yield- 
ed poor results because disturbed nesting animals 
may curtail nest excavation and egg deposition. 
Nests were carefully excavated after deposition, 
revealing tightly packed eggs. Eggs were carefully 
removed without turning; the small white spot on 
shells associated with blastodiscs were visible on 
the dorsal aspect of eggs. Eggs were then placed in a 
small dish containing absorbent paper and transfer- 
red to the indoor laboratory, washed in lukewarm 
tap water and placed in incubation dishes. 
Egg incubation and post-natal growth occurred 
in four laboratory tanks measuring 74 x 30 x 29 cm 
(65 1). In 1975, an attempt was made to refine 
temperature control in these tanks. The tanks were 
encased in 0.6 cm styrofoam and filled to approx- 
imately 15 cm with water. Thermostatically con- 
trolled water heaters maintained temperature f 1 "C 
over the range 22-38°C. Hardware cloth platforms 
held egg containers just above the water surface. 
Eggs were incubated in small plastic or ceramic 
dishes layered between damp, sterile cotton. Each 
egg was marked with a soft lead pencil for record 
keeping. 
Newly hatched young were maintained in 
plastic boxes measuring 27 x 19 x 10 cm. Three or 
four layers of absorbent paper were used for 
substrate and small pieces of wooden paneling pro- 
vided hiding places. A timer-controlled seven watt 
bulb maintained a 14 hr:lO hr lightldark cycle. 
Juvenile box turtles were maintained successfully 
under conditions of 24 hour light prior to 1976. 
Hatchlings were fed raw, chopped fish (flounder, 
haddock, or turbot), commercial trout chow (Purina) 
and bone meal in a ratio by weight of approximately 
8:l:l every other day. 
Turtles were fed finely ground raw, lean beef 
once per week. Food was offered a t  approximately 
0700 hr, and enough provided so that some remain- 
ed a t  the end of the day. Drinking water was offered 
daily a t  incubator temperature, Enclosures were 
cleaned every three days and fresh substrate added. 
Concurrently, young were bathed in fresh water at  
incubator temperature. 
Incubation was investigated a t  24, 30, 32 and 
34°C. Eggs held a t  the senior author's laboratory 
were incubated a t  24, 30 and 32°C Incubation at 
34°C was accomplished in a Blue-M water bath at  
Trinity College's Department of Biology. Eggs were 
inspected daily. If the substrate became too dry, it 
was irrigated with incubator water. Eggs were cull- 
ed a t  the first sign of spoilage and inspected for em- 
bryonic development. Eggs were observed twice dai- 
ly when hatching was imminent. Hatching was 
judged to have occurred when turtles had broken 
the shell with head or limbs. 
Hatchlings were maintained in incubation 
dishes for about one week during yolk sac absorp- 
tion. Young were measured within a few days after 
complete emergence. Turtles were weighed (f 0.1 g), 
measured (k0.1 rnrn) and marked within a few 
weeks of hatching; biweekly weighing and measur- 
ing occurred thereafter, A binary marking system 
was used in which a notch was clipped from one 
right and one left marginal scute. Carapace length 
(CL), carapace width, and body thickness were 
measured variables. 
RESULTS 
Eleven female eastern box turtles deposited 48 
eggs for an average clutch of 4.4 eggs in 1975 (Table 
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1). Temperature effects on incubation time were 
marked between 24°C (80 f 1.5 days) and 30 and 
32°C (52 f 1.3 and 54 f 1.2 days respectively) in 
the 1975 experiments (Figure 1). Eggs incubated at 
34°C failed to hatch. At initial measuring, hatch- 
lings incubated a t  24°C had a carapace length of 
26.3 f 2.5 mm standard error (S.E.), at 30°C a 
carapace length of 29.8 f 1.2 mm (S.E.) and at 32 "C 
a carapace length of 19.1 f 2.3 mm (S.E.). Com- 
parative growth of hatchlings from eggs incubated 
at 24 and 30°C showed little variation after four 
months of rearing at 30°C. 
TABLE 1. NESTING OF CAPTIVE EASTERN BOX 
TURTLES IN 1976. 
No. of Eggs 
Clutch Date Time of (No. of Fertile Incubation 
No. Deposited Day (PM) Eggs) Temperature ("C) 
Total Eggs 48(26) 
% Fertile Eggs - 54.2 
Figure 1. Incubation Time of Eastern Box Turtle Eggs as a 
Function of Temperature (1971-1975). 
DISCUSSION AND CONCLUSIONS 
Fifty-four to 75% of eggs deposited during our 
studies were fertile while about 78% fertility is ex- 
pected in the wild (Ewing, 1933). Incubated eggs 
had a hatching success of 85%. Nearly 100% hatch- 
ing can be achieved for fertile box turtle eggs (or sea 
turtle eggs) since almost negligible mortality has 
been noted under ideal conditions. 
Temperature affects embryonic development of 
the eastern box turtles; the lower the incubation 
temperature, the longer the term of embryonic 
development. Thermal limits for successful incuba- 
tion have been estimated as 22-32°C; optimal in- 
cubation in our studies occurred at 28-30°C. 
Bustard (1973) reported the optimal temperature 
range for sea turtle egg incubation as 27-32°C; 
overall range was 25-37°C. Optimal incubation 
temperatures for sea turtles and box turtles are 
remarkably close considering the contrasting en- 
vironments of these animals. 
Dimond (1965) reported the hatching time of 
loggerhead sea turtles (Caretta caretta caretta) was 
54-55 days (30°C) and Bustard (1973) reported 55 
days incubation for green sea turtles (Chelonia 
mydas) at  the same temperature. Incubation for box 
turtles was 52 days at 30°C. 
This study demonstrated rapid growth in hatch- 
ling box turtles maintained in a controlled thermal 
environment (27-30°C) and fed a diet rich in protein 
and minerals. Under these conditions, hatchling 
growth can be nearly four times wild growth, even 
during seasonal hibernation periods (Nichols, 1939; 
Carr, 1952). 
The best temperature for box turtle growth ap- 
peared to be 28-30°C. Maintenance of young in this 
temperature range would presumably lead to early 
maturation. However, captive rearing of young 
turtles in an environment of regulated temperature 
may not yield a subsequent survival advantage in 
the wild. Indeed, our data would suggest the op- 
posite. Box turtles reared for six months at 30°C to 
approximtely 60 mm CL and introduced into an 
outdoor enclosure showed decreased growth rates. 
These captive-reared young survived a moderately 
severe winter in hibernacula, but may not have ac- 
tually hibernated since all were emaciated the 
following spring and died within a month. 
Therefore, effects of controlled temperature in addi- 
tion to behavior, should be evaluated to determine 
feasibility of successfully introducing captive- 
reared turtles into the wild. The effects of 
temperature have less influence on the adaptability 
to the wild of pen-reared turtles than behavior 
(Ehrenfeld, 1974). Captive rearing may be an attrac- 
tive approach for conservation of endangered 
species, but may also render them unadaptable to a 
feral existence. 
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ENDOCRINE STUDIES AND SEX RATIOS OF THE GREEN SEA TURTLE, Chelonia mydas 
David W. Owens 
Texas A&M University 
and 
John R. Hendrickson 
University of Arizona 
INTRODUCTION 
In contrast to our developing understanding of 
the reproductive ecology of sea turtles, very little is 
known concerning their reproductive physiology. 
Over a three year period the endocrine events con- 
trolling reproduction and growth were studied using 
the unique facilities and animals available a t  
Cayman Turtle Farm, Ltd., Grand Cayman Island, 
British West Indies. 
METHODS AND MATERIALS 
A series of five experiments was conducted dur- 
ing the summers of 1973-1975. In each experiment, 
a multiple treatment design was employed including 
controls (which received injection vehicle) to test ef- 
fects of hormones on sea turtles. Turtles were in- 
j ected intramuscularly in the shoulder, either three 
or five times weekly for four to six weeks. 
The first four experiments were directed 
primarily a t  reproductive parameters; a t  terrnina- 
tion animals were sacrificed by farm personnel and 
appropriate tissues removed. Tissues and organs 
were routinely weighed and preserved for 
histological evaluation. Animals used in these ex- 
periments were destined for commercial markets by 
the farm and were not specifically sacrificed for 
these experiments. 
In the fifth experiment somatotropic effects of 
growth hormone, prolactin and diethylstilbestrol 
were tested in turtles one, two and four years old. 
Evaluation of responses was based on changes in 
carapace length and body weight; these animals 
were not sacrificed. 
Experimental turtles were placed by treatments 
in separate tanks of flowing sea water. In the first 
four reproductive experiments the animals were fed 
ad libitum a high protein pelleted diet (Central Soya, 
Ft. Wayne, Indiana); in the somatotropic experi- 
ment animals were fed as a percent of body weight. 
Data were analyzed first by analysis of 
variance, followed, where appropriate, by either 
Student-Newman-Keuls or Dunnett 's mean 
discrimination tests. In all cases the P = 0.05 level 
of significance was used for evaluating results, 
RESULTS AND DISCUSSION 
Various results were obtained using primarily 
purified mammalian hormones in unhypophysec- 
tornized turtles (Table 1). (For complete data see 
Owens, 1976). Immature males (3.4-4.5 years) prov- 
ed very responsive to follicle stimulating hormone 
(FSH) and pregnant mare's serum gonadotropin 
(PMSG). No changes were observed using luteiniz- 
ing hormone (LH) or human chorionic gonadotropin 
(HCG). Other reptiles have also been shown to be 
more responsive to FSH-like hormones including 
PMSG. (For review see Licht, 1974). Since FSH will 
induce both spermatogenesis and steroidogenesis in 
males, possibly a single gonadotropin is 
physiologically important. However, biochemical 
evidence indicates a second LH-like gonadotropin in 
the pituitary of Chelonia mydus (Crews and Licht, 
1975). A function for this molecule remains unex- 
plained. 
Immature females were less responsive to ex- 
ogenous hormones with only marginal ovarian 
stimulation induced by FSH and no observed effect 
with LH or HCG. Either a general immaturity of 
gonadal hormone receptors or an insufficient hor- 
mone dose may account for these results. 
Estrogen and testosterone were active in green 
sea turtles (Table 1). Progesterone did not show a 
particular function in these immature turtles. 
Growth  hormone had  a pronounced 
somatotropic effect in one-, two- and four-year-old 
turtles. In this same experiment prolactin was less 
somatotropic than growth hormone. A unique role 
for prolactin has not been demonstrated in chelon- 
ians. 
A sexing technique was developed which 
employed a radioimmunoassay to measure serum 
testosterone levels. Since males have higher levels 
of circulating testosterone, it was possible to ac- 
curately determine number of males and thus the 
population's sex ratio (Owens, 1976). To our 
knowledge this is the first non-operative technique 
for sexing an immature sea turtle. 
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TABLE 1. HORMONE ACTIONS IN THE IMMATURE GREEN SEA TURTLE. aTHE TOTAL DOSE REPRESENTS 
EITHER THE MINIMUM EFFECTIVE DOSE TESTED OR THE MAXIMUM DOSE TRIED WHERE NO EFFECT 
WAS OBSERVED. IU=INTERNATIONAL UNITS, U=NIH STANDARD UNIT. 
Hormone Sources 
(Total dose) Hormone Actions 
porcine (5 u ) ~  
ovine (20-40 U)C 
bovine (68.33 u ) ~  
spermatogenesis, androgenesia 
(see testosterone), mating 
behavior, 
possible ovarian hypertrophy 
Follicle stimulating 
hormone 
Regnant mare's 
serum gonadotropin 
equine (750 IU)e spermatogenesis, androgenesis, 
mating behavior 
ovine (25 rnglf, 
(100 mg)C, bovine 
(14.17 mg)g 
man (7,500 1 ~ ) ~  
Luteinizing hormone no observed effects 
Human chorionic 
gonadotropin 
Pituitary homogenate 
Growth hormone 
no observed effects 
C. mydas (30 glands) 
bovine (3.06 mg)' 
spermatogenesis, androgenesis 
linear growth, weight gain, 
possible spermatogenic 
synergism with FSH 
bovine (5.4 mgv Prolactin some linear growth and 
weight gain 
Sigma Chem. Co. 
(100 mg) 
epididymal hypertrophy, tail 
elongation 
Sigma Chem. Co. 
(100 mg) 
oviducal hypertrophy, weight 
loss, appetite reduction, 
elevation of serum calcium 
and total protein 
Diethylstilbestrol Sigma Chem. Co. 
(27.4 mg) 
Same as estradiol 
Progesterone 
FSHlLH releasing factor 
Sigma Chem. Co. 
(40 mg) 
no observed effects 
N.I.H. (10 mg) no observed effects. 
aFor data see Owens, 1976. f~~~ Pharmaceuticals lots 3366 
b~igma - 53C-2320 no. F8001. and 8707. 
CDr. Harold Papkoff preparation, U. of gN.1.H.- LH-B9. 
Cal., San Francisco. hsigrna - lot 13~-3510. 
d ~ . ~ . ~ . - ~ ~ ~ - ~ l .  'N.1.H.-GH-BIT. 
'Sigma lot G-4877. JN.I.H.-P-~4. 
OBSERVED SEX RATIOS ferential mortality under farm conditions. However, 
it is difficult to envision a sex related disease that 
would claim primarily males from the first set of 
eggs taken from Costa Rica, then switch to females 
in the second Costa Rican sample and finally take 
nearly all males again in the third year's population 
(Table 2). 
A second possibility is that sex determination 
procedures have been inaccurate. When sacrificed, 
four- to five-year-old turtles are easy to sex by 
A 1:l sex ratio was not observed in any of the 
seven sea turtle populations harvested to date 
(Table 2). All eggs were taken from natural nesting 
beaches as they were being deposited. Artificial in- 
cubation of eggs and captive rearing of turtles may 
alter sex ratios, thus ratios obtained in our ex- 
periments may not apply to natural populations. 
Variable sex ratios might be the result of dif- 
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TABLE 2. SEX RATIOS FOR FARM REARED 
GREEN SEA TURTLES. 
Mariculture, Ltd. Nesting Beach 
Population Origin 
Reference I (year hatched) 
001 Costa Rica 
(1968) 
002 Ascension lel. 
(1969) 
003 Costa Rica 
(1969) 
004 Ascension Isl. 
(1970) 
005 Surinam 
(1970) 
006 Costa Rica 
(1970) 
Males 
969 
40.8% 
215 
17.4% 
727 
66.9% 
437 
82.6% 
71 
26.4% 
26 
3.0% 
Females 
007* Surinam z 1 = 250 
(1971) 0.4% 99.6% 
*Recent data estimate furnished by James Wood. 
gonadal observation. Accurate sex determinations 
are not possible using only external morphology of 
immature turtles. 
A third consideration is that sampling may 
have been non-random by sex. This is unlikely 
because populations are kept together as a unit 
throughout rearing. There is also no particular selec- 
tion by size. Subsamples from the same populations, 
sexed several months apart, have consistent ratios. 
Eggs at the turtle farm were exposed to various 
incubation conditions over the years. Incubation 
temperatures have probably varied with season, 
hatchery, egg container and water. A temperature- 
sensitive gonadal differentiation system has been 
demonstrated by Pieau (1972) in two species of 
turtles. He reported that embryos of Emys o r  
biculan's incubated a t  24-26°C developed testicular 
gonads, while those incubated a t  29-30°C developed 
ovaries. Similarly, embryos of the tortoise Testudo 
graecq developed testes when incubated a t  27°C; 
testicular development was inhibited a t  31-33°C. A 
similar mechanism may be responsible for variable 
sex ratios observed in sea turtles. 
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RESULTS OF A HATCHERY FOR INCUBATING LOGGERHEAD SEA TURTLE 
(Caretta caretta LinnB) EGGS ON LITTLE CUMBERLAND ISLAND, GEORGIA 
James I. Richardson 
University of Georgia 
ABSTRACT 
The Little Cumberland Island Loggerhead Tur- 
tle Research Project initiated the use of a hatchery 
in 1965 as a defense against natural predators [crabs 
(Ocypode) and raccoons (Procyon)] and has con- 
tinued its use since then. The hatchery is establish- 
ed on a gently sloping natural dune, devoid of 
vegetation, and surrounded by electrified fence and 
aluminum window screening. Hatchery locations 
are not reused during subsequent summers. Egg 
clutches were transferred to artificial nests dug in 
the hatchery the same night eggs were layed. Hatch- 
lings were transported to the beach the night they 
emerged and released 5 or 10 m from the water's 
edge. 
Each season an average of 100 nests with a 
mean clutch size of 115 eggs were placed in the 
hatchery. At least 80,000 hatchlings have been 
released since 1965. Hatching success has been 60% 
for all nests, with a mean of 65 turtles per nest 
released for the last 12 years. Annual hatchery suc- 
cess has varied from 50% to 82%. Three seasons, 
1973 to 1975, were intensely analyzed. Mean hat- 
ching success during this period was 65%; modal 
hatching success was between 80 and 90%. A 
number of nests had zero or near zero hatching suc- 
cess. One female which produced normal clutches in 
1967, 1969, and 1971 produced four clutches of in- 
fertile eggs in 1973. 
Several other statistics were calculated from the 
1973 to 1975 seasons. No correlation between per- 
cent nest success and either total nest depth or 
depth of the sand plug over the eggs was observed. 
Percent nest success was compared to three time 
periods: from the time eggs were layed on the beach 
to the time eggs were removed from the natural 
nest; from the time layed to the time eggs were 
reburied in the hatchery; and from time removed to 
time reburied. Hatching success dropped pre- 
cipitously for elapsed time periods greater than 12 
hr. No correlation between hatching success and 
clutch size for all clutches greater than 20 eggs was 
noted. Mean incubation time varied by a t  least ten 
days during the summer, being greater for early and 
late season clutches and less for midseason clutches. 
This variation corroborates similar observations by 
other researchers. At any given time during a 
season, nests with high hatching success have in- 
cubation periods approximately two days shorter 
than nests with low hatching success. Clima- 
tological factors seem the logical cause for seasonal 
differences in incubation periods as well as the 
general determinant for a late May to early August 
nesting season on Cumberland Island. 
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BEHAVIORAL AND TOLERANCE RESPONSES TO COLD WATER TEMPERATURES 
BY THREE SPECIES OF SEA TURTLES (REPTILIA, CHELONIIDAE) IN NORTH CAROLINA 
Frank J. Schwartz 
University of North Carolina 
ABSTRACT METHODS AND MATERIALS 
Three species of sea turtles, held in large out- 
door tanks, were exposed to cold water. Behavioral 
and tolerance responses were recorded over eight 
observation periods (November-March, 1968-1976). 
All responded to cold water temperatures by bob- 
bing to the surface tail first, then horizontally once 
tempera tures  fell below lO.OoC. Lethal  
temperatures were between 5.0 and 6.5" C. Young or 
hatchlings of each species were able to tolerate cold 
water longer than large adults. Survival in lethal 
cold water was longest for ridley turtles, approx- 
imately 20-24 h. Loggerhead and green turtles died 
after 9-12 h exposure. Based on these observed 
physiological and behavioral responses, survival of 
turtles seems unlikely during long exposures to 
winter water of northern latitudes. 
INTRODUCTION 
Faulkner and Binger (1927) showed a 
temperature of 37.5"C caused sea turtles to lose ap- 
petite, breathe rapidly, lose immunity to oxygen 
poisoning, and die after chronic exposure. An upper 
lethal temperature for leatherback and green turtle 
hatchlings crawling over hot beach sands was 33 "C 
(Hendrickson, 1958; Bustard, 1970). Body 
temperatures may range from near ambient water 
temperature to 20°C above ambient (Hirth, 1962; 
Mrosovsky and Pritchard, 1971; Frair et al., 1972). 
Internal differences between head and cloacal 
temperatures also exist; head temperatures are 
higher and more variable than cloacal temperatures. 
Sea turtles frequent northern Atlantic latitudes 
(Bleakney , 1955; Brongersma, 1972), sometimes ac- 
tive a t  13-18 "C in Canadian waters (Bleakney, 
1965). Fifty-nine lethargic loggerheads (carapace 
lengths = 0.3-0.9 m) were observed on the surface 57 
km SSW of Beaufort Inlet, N. C. (12,8"C, 25 
February 1976). Hughes (1970) reported that log- 
gerhead sea turtles can withstand an unacclimated 
temperature drop from 22 to 10°C. He further noted 
(1974) that loggerhead hatchlings were stressed and 
lost weight if maintained a t  14°C for 14 days. This 
paper helps define critically low temperatures in 
which sea turtles may survive. 
Kemp's ridley (Lepidochelys kempii), log- 
gerhead (Caretta caretta) and green (Chelonia 
mydas) turtles were captured primarily in the bight 
of Cape Lookout, 12.9 km east of Morehead City. 
North Carolina. Tests were conducted between 
November and April from 1968 through spring 
1976. Turtles were captured in 12.1 m semi-balloon 
otter trawls towed for varying times and distances. 
Surface water temperatures were recorded during 
each tow. Salinities were determined with A10 
refractometers. Turtles were transported by boat to 
the Institute of Marine Sciences (Morehead City, 
North Carolina). Hatchling loggerhead turtles were 
obtained from local nests or from eggs incubated in 
Styrofoam box nests. 
All turtles were placed in outdoor 125,070 1 con- 
crete tanks (0.8 m deep). Tanks could be partitioned 
to keep various groups separated. Except for an ac- 
cumulated veneer of mud, no substrate covered 
holding tank bottoms. Hatchlings were kept in 
floating wire baskets (1.0 x 1.5 x 0.5 m depth). A 
Bristol thermograph monitored air and water 
temperatures. Water was pumped continuously 
from adjacent Bogue Sound where annual salinities, 
except during heavy rains, varied between 28-32 O/oo. 
No shade was provided. 
All turtles were fed fishes, crabs, shrimp, 
scallops, or other available food. Food rations were 
increased during summer and decreased during 
winter or after turtles stopped eating. No effort was 
made to remove the natural tank growths of green 
algae (Enteromorpha codium), red algae. and 
oysters. 
Similarly sized turtles of each species were 
simultaneously tested as controls. Controls were 
kept outdoors until critical low water temperatures 
were reached for each species or until they began 
bobbing to the surface (floaters). When either condi- 
tion occurred, turtles were moved into 2.4 m indoor 
circular tanks (1 m deep) subject to ambient air 
temperatures. Most indoor fatalities were hatchling 
loggerhead turtles afflicted by fungal diseases 
similar to those reported by Witham (1973). Treat- 
ment was with potassium permanganate plus boric 
acid, a modification of the Witham (1973) formula. 
Control turtles resumed normal behavior when in- 
door water temperatures became 10.O°C or warmer. 
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Accordingly, turtles were usually placed outdoors 
by mid-April when water temperatures rose above 
10.O°C and restudied during the following winter 
season(s). 
The turtle was determined dead when it did not 
respond to a tap on the nape. If alive, the turtle 
would try to retract further the already tightly con- 
stricted neck, or the turtle would attempt to 
breathe. Eyes of moribund turtles remained closed. 
RESULTS 
Each species passed through the floater stage 
near death many times during each year's 
November-March test period. Floating consisted of 
a posterior carapace emerging so that the body was 
inclined head downward about 35". Diving was dif- 
ficult or impossible. The floater condition suggested 
that large amounts of gas were forming or ac- 
cumulating posteriorly as a physiological result of 
lower water temperatures (Parker, 1925). Gulping of 
cold air may also have caused this condition. The 
front flippers were usually extended outward, used 
in slow swimming or in balancing. Breathing was 
difficult; turtles had either to swim vigorously to at- 
tain a horizontal position or the head had to be cock- 
ed sharply upward to gulp air. Sudden or prolonged 
cold snaps which lowered water temperatures (acute 
changes) would kill just as readily as slower 
seasonal lowering of water temperatures (chronic). 
All turtle carapaces became covered with algae 
(Ectocarpus subcorymbus) during cold periods; 
growths of Bryopis hypnoides occurred in 1971. Lit- 
tle is known about these algae and their biotic rela- 
tionships to turtles. Marquez (personal communica- 
tion) noted algae on some wild black sea turtles in 
Mexico. Cold water temperatures usually killed bar- 
nacles which festoon sea turtles (Hughes, 1974; 
Schwartz, 1960) and likewise prevented epizootic 
outbreaks of the leech, Ozobranchus margoi 
(Schwartz, 1974). 
All three species stopped feeding when outdoor 
tank water temperatures fell below 10.O°C and 
feeding resumed when temperatures rose above this 
level. 
LOGGERHEAD 
Swimming activities of loggerheads a t  
temperatures above 9.5"C were natural. At or near 
9.5"C some adults would become floaters while 
others did not until 9.0°C was attained, Young log- 
gerheads were affected between 5.0 and 9.0°C; 
hatchlings reacted naturally until  water 
temperatures fell to 3.5 or 4.5"C. 
Death occurred in less than 24 h for large turtles 
greater than 600 cm carapace length (CL) a t  5.0°C. 
Time to death a t  4.0°C was between 9-12 h. Young 
or hatchling loggerheads survived up to 12 h a t  
4.0°C or less; all died before temperatures reached 
l.O°C. 
When water temperatures reached 5.0°C (larger 
turtles) and 3.5"C (smaller ones) turtles assumed a 
horizontal floating position. Swimming was labored 
or non-existent. Hind flippers, originally held a t  a 
horizontal or 45" angle to the body, gradually at- 
tained a vertical position with the flat surfaces com- 
ing together as death approached. Front flippers 
moved slowly from a laterally held outward balance 
position to a drooped one as lethal temperatures 
were approached. The head relaxed and drooped 
downward a t  death; the body continued to remain 
horizontal a t  the water surface. During winter all 
loggerheads passed through all floating and 
associated behavior patterns as long as lethal 
temperature was not reached or sustained. 
KEMP'S RIDLEY 
As water temperatures fell below 13.0°C, 
ridleys began exhibiting a sluggish floating 
behavior. Some floated, swimming laboriously and 
reacting as noted for loggerheads; others, depending 
on size, swam and dove naturally until about 10.O°C 
was reached. Specimens greater than 300 cm CL 
died a t  6.5"C within 20-24 h. Smaller specimens 
tolerated 5.0°C before death. 
The typical ridley initially floated head 
downward a t  an angle of about 30". Turtles were 
able to gulp air by lateraily extending fore flippers 
for balance. Breathing was labored and more effort 
was required to raise the head, which was less 
retracted than noted for loggerheads. Less swim- 
ming was necessary to maintain position than for 
loggerhead turtles. Death reactions were similar to 
that of loggerheads. 
GREEN TURTLE 
Green turtles floated at 9.0°C. Death usually oc- 
curred at 6.0°C. Some specimens greater than 56.0 
cm CL died a t  6.5"C. All turtles died by 5.0°C. 
Floating green turtles behaved like loggerheads 
and ridleys except that necks were extended; 
breathing was also laborious. 
CONCLUSIONS 
Studies into the actual gas exchange within sea 
turtles would help explain when and how floating oc- 
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curs and what regulates its onset or dissipation. 
Loggerhead, green and Kemp's ridley sea 
turtles exposed to 10°C water initially react by bob- 
bing to the surface and die between 5.0 and 6.5% 
These data should help our understanding of 
geographic and bathymetric distributions of these 
turtles. 
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METHODS AND FACILITIES FOR TANK-REARING THE GREEN 
SEA TURTLE, Chelonia mydas 
Ross Witham 
Florida Department of Natural Resources 
Marine Research Laboratory 
Young sea turtle maintenance requires an abun- 
dant supply of low-cost food, tanks supplied with 
large volumes of fresh sea water, means of prevent- 
ing predation of small turtles and preventive treat- 
ment to control diseases associated with crowded 
conditions. 
Eggs can be incubated in laboratories with 
similar percent success as those hatching in natural 
nests (Schultz, 1975). Hatchlings can be tank-reared 
for several months until large enough to be tagged 
and released. 
Since 1971, the Florida Department of Natural 
Resources Marine Research Laboratory has been 
raising green turtles a t  three facilities located in 
southeast Florida. Turtles raised a t  the House of 
Refuge Museum and the Howard Phipps Estate 
were fed a basic diet of blue crab offal (Callinectes 
sapidus Rathbun) supplemented with plant 
material. Supplement food a t  the House of Refuge 
was sea purslane (Sesuvium portulacastrum L.). 
Supplement food a t  the Howard Phipps Estate was 
a variety of garden vegetables, chiefly lettuce and 
tomatoes. Turtles raised a t  Wometco Miami Sea- 
quarium were fed fish, either capelin [Mallotus 
villosus (Muller)], or blue runner [Caranax crysos 
(Mitchell)], supplemented with lettuce or seagrasses. 
(Halodule wrightii Ascher. or Syringodium filiforme 
Kiitz. in Hohenacker). 
Tanks had poured concrete bottoms with ce- 
ment block walls and waterproof coatings (3.1 x 3.1 
m, 60 cm water depth). One rectangular tank was 
one pour with a sloping bottom (3.1 x 9.2 m, 5 to 60 
cm water depth). Fresh sea water was supplied to all 
tanks in sufficient volume to insure several water 
exchanges every 24 hr. Two systems drew sea water 
from wells, the third drew unfiltered bay water. 
Disease was a problem in crowded tanks 
(300-1000 turtles) even with frequent water ex- 
change. The major disease was skin lesions of 
unknown etiology. Pathogens provided with 
favorable conditions, e.g., large amounts of excre- 
ment and uneaten food, probably caused these les- 
ions. Untreated lesions were fatal. Systematic, pro- 
phylactic treatment with potassium permanganate 
(1-3 grnl200 1 of sea water) controlled lesion develop- 
ment (Witham, 1973). 
Green turtle eggs were incubated in laboratory 
nests constructed from five gallon sand-filled, 
plastic buckets with holes in the bottoms (Witham 
and Futch, 1977). Incubation was at ambient room 
temperature ranging from 24.8 to 33.0°C. Occa- 
sional moistening of nests with tap water was 
necessary to prevent dehydration. Laboratory in- 
cubation times varied from 51 to 79 days. Hatching 
success, expressed as percent of all eggs collected 
was: 61% for 1971,59% for 1972,60% for 1973 and 
75% for 1974, These hatch rates compare favorably 
with rates for natural nests reported by Hirth and 
Carr (1970). 
One turtle mariculture facility reported a 25% 
hatchling survival for the first year (Clayton. 1975); 
our results were much better, Sixty-four percent 
(104711621) of green turtles hatched during 1971 
survived to be released in 1972. Hatchling survival 
for 1972 was 69% (72411952), for 1973 54% 
(91311677), for 1974 83% ((173612671). Maximum 
survival for 1974 was 95% a t  the Howard Phipps 
Estate; minimum was 79% at the House of Refuge 
Museum. 
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AN ANALYSIS OF TAG RECOVERIES FROM LOGGERHEAD SEA TURTLES (Caretta caretta) 
NESTING ON LITTLE CUMBERLAND ISLAND, GEORGIA 
Rebecca Bell and James I. Richardson 
University of Georgia 
ABSTRACT 
On Little Cumberland Island, Georgia, 647 
female loggerhead turtles (Caretta caretta) were tag- 
ged during a continuous research effort from 1964 to 
1976. Forty-four tags (7%) have been returned; 13 
(30%) of these turtles were nesting on another 
beach. Most nesting recoveries were from beaches 
adjacent to the study area. However, these beaches 
were not a significant source of tag returns after 
beach patrols were initiated. Five turtles (11%) were 
found dead on beaches. Four of these were local mor- 
talities (within 10 miles of lower Cumberland 
Island). Numerous dead turtles without tags were 
also found in the study area. 
Fifty-two percent of returns were from trawls 
(4% of all tagged turtles). Local recoveries were 1% 
of all tagged turtles. Returns from trawlers near 
nesting beaches indicated that turtles were ap- 
proaching to lay or departing after depositing eggs. 
Remaining recoveries from trawls generally occur- 
red along the coast in late summer and fall from Lit- 
tle Cumberland Island north to New Jersey. A 
possible migratory path may be from Georgia to 
Cape Hatteras and ultimately to warm mid-Atlantic 
water, perhaps the Sargasso Sea, 
were begun by owners of Little Cumberland Island 
in 1964. In 1955, Caldwell et al. (1959a, 1959b, 1962) 
initiated a study of loggerheads on Jekyll Island, an 
adjacent island north of Little Cumberland. These 
authors noted an unusually high concentration of 
nesting loggerheads on Jekyll, Little Cumberland, 
and Cumberland Islands. 
STUDY AREA 
Little Cumberland Island is part of a chain of 
barrier islands formed during the Pleistocene and 
Holocene (Hoyt, 1967). Along with Jekyll Island to 
the north and Cumberland Island to the south, Lit- 
tle Cumberland forms part of a complex of islands 
associated with St. Andrew Sound, Georgia (Figure 
1). Little Cumberland is a recent (Holocene) island 
INTRODUCTION 
One of the most intriguing mysteries surround- 
ing loggerhead sea turtles is their movement be- 
tween nesting years. There is no evidence that adult 
female loggerheads remain near nesting beaches 
when not depositing eggs. Bustard and Limpus 
(1971) provide evidence of long range movement, 
but long-term observations are needed before a 
population movement pattern becomes clear. 
Hughes (1974) has analyzed ten years of South 
African tagging data concerning movement of log- 
gerheads as they leave nesting beaches. He describ- 
ed a migratory path paralleling the African coast 
toward equatorial tropical waters and suggested 
some evidence for a return trip along the same path. 
However, the location of his turtles during interven- 
ing years is speculation. 
This paper rep0rts On tag returns from Figure 1. The St. Andrew Sound area of Georgia, showing the 
years of tagging efforts on Little Cumberland principle loggerhead nesting islands of Jekyll. Little 
Island, Georgia. Conservation and research efforts Cumberland, and Cumberland. 
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characterized by frequent and dramatic shoreline 
changes. Most loggerhead nesting beaches in 
Georgia are dynamic, fluctuating habitats closely 
linked to a sand sharing system of islands, beaches, 
and offshore sand bars (Oertel, 1974). 
RESULTS AND DISCUSSION 
SOURCES OF TAG RETURNS 
We tagged 647 adult female loggerheads on Lit- 
tle Cumberland Island from 1964 to 1976 and receiv- 
ed 44 tags for a 7% return rate. Nylon "Rototag" 
and National Band and Tag monel tags were used; 
both kinds, as  with other turtle tagging projects, 
were lost with frustrating consistency. Our 7% 
recovery rate is undoubtedly an underestimation of 
actual numbers of tagged turtles encountered by the 
public. Forty-one recoveries can be assigned to one 
of three categories: captured by trawls, nesting on a 
beach, or found dead on the shore (Figure 2). 
Thirteen turtles, representing 30% of our 
returns, were discovered nesting on another beach; 
eleven of these were from Jekyll Island or 
Cumberland Island before 1972, when beach patrols 
began. Since then, nesting records reported by the 
public have almost stopped. Cumberland and Little 
Cumberland Islands are permanently protected 
within boundaries of Cumberland Island National 
Seashore. Protection for turtles on Jekyll Island 
still requires seasonal patrols. 
Five tagged turtles found dead on beaches 
represent 11% of our tag returns. Four of these were 
from Jekyll, Little Cumberland, and Cumberland 
Islands. Many other beached dead turtles were 
mature females (12%), often too mutilated to show a 
previous tagging history (Hillestad et al., 1977). 
Twenty-three captures from trawls accounted 
for 52% of our total returns and 74% of non-nesting 
recoveries. Return rates from trawl increased 
sporadically through 1974 (Figure 2), but have 
decreased for the last two years; shrimpers may 
have ceased returning tags (Hillestad, personal com- 
munication). Seventy-three percent of trawl returns 
involved offshore captures. Fourteen percent were 
from inshore or estuarine areas; 14% could not be 
accurately located. There have been no recoveries 
from inshore trawls reported after 1969, probably 
because inshore shrimping areas have had late an- 
nual openings since then. 
Considering 43 tag returns, for which we record- 
ed recovery locations: 22 (51%) were recovered 
within 10 miles of Little Cumberland Island; three 
(7%) were recovered from adjacent areas within 30 
miles of Little Cumberland Island; and 18 (42%) 
were recovered from more distant localities. Con- 
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Figure 2. Numbers of tags recovered over a thirteen-year period 
from loggerhead turtles originally tagged on Little Cumberland 
Island, Georgia. Recoveries are distributed in three categories: 
capture by trawler, found nesting on a beach, and found dead on 
a beach. 
sidering only returns from trawls (23): six (27%) 
were from local waters; two (9%) were from adjacent 
waters; and 14 (64%) were from distant waters; and 
one could not be located. 
Eight turtles were captured in trawls in St. An- 
drew Sound or immediately offshore of one of three 
surrounding islands; six were from Little 
Cumberland and two were from Cumberland Island. 
Although this sample was small, temporal 
characteristics of these captures relative to in- 
dividual nesting behavior suggests an intriguing 
pattern similar to within-season nesting intervals 
reported by Bennet and Richardson (1977). Two in- 
dividuals were captured at the beginning of the 
nesting season and two captured the morning after 
nesting. There were two captures ten days (one 
nesting interval) after the last nesting visit, one cap- 
ture 21 days (two nesting intervals) after the last 
nesting visit, and one capture much later after 
nesting (46 days), These time sequences could have 
occurred by chance, but it was also possible that 
females were approaching nesting beaches only 
when spawning was imminent. Caldwell et al. 
(1959a) first suggested that adult female turtles in 
St. Andrew Sound area leave the immediate vicinity 
during a twelve day inter-nesting period, 
Commercial trawlers account for 74% of our 
non-nesting tag recoveries and are an obvious threat 
to turtles as well as an important source of informa- 
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tion about nearshore turtle dispersal. Virtually all 
turtles caught by trawlers have their tags removed 
and returned per tag instructions; therefore, subse- 
quent individual nesting visits were unassessable. 
Most recovery letters stated that turtles were 
released unharmed. 
I t  has been suggested that waters near nesting 
beaches be closed to commercial shrimping during 
nesting seasons. Such action would probably bring 
little relief to local nesting populations at Little 
Cumberland Island, because most trawl captures 
were from an indefinite offshore area. St. Andrew 
Sound has been closed to commercial shrimping dur- 
ing nesting seasons since 1969. Only 1% of tagged 
turtles have been captured by shrimpers near Little 
Cumberland Island. Only 4% have been captured by 
trawls in all locations. However, local shrimping 
causes heavy mortality in juvenile populations 
(Hillestad, 1977). 
DISPERSAL 
The farthest distance travelled by a turtle in our 
study was 1352 km between Little Cumberland 
Island and New Jersey. The fastest sustained veloci- 
ty was 40 km per day for 11 days; longest elapsed 
time between release and recovery was 51 months. 
Other dispersal potentials of loggerheads have been 
reported by Bustard and Limpus (1970) and Hughes 
(1974). 
Distributions and dates of tag returns (Figure 3) 
included turtles captured in trawls and a June 
record of a dead turtle found at Chesapeake Bay, 
Virginia (21 of 23 trawler returns plotted). Nearly all 
recoveries involved turtles which either had been 
seen on Little Cumberland Island during the 
recovery year or probably had nested but were not 
observed. Unobserved turtles would have been in a 
normal two or three year remigration pattern. 
Four turtles were recovered one year following 
nesting on Little Cumberland (marked by *in 
Figure 3). They include: an unusual recovery from 
Tampa Bay, Florida; a dead turtle from Virginia; a 
preseason record from North Carolina; and a July 
turtle from South Carolina. These turtles may have 
been on a one-year nesting cycle; however, this 
remigration interval is rare for Little Cumberland 
loggerheads (T. Richardson et al., 1978). 
Ten tag returns (not including 3 off-season 
turtles) from summer and late fall were distributed 
north of Little Cumberland Island. Apparently, 
turtles leave Little Cumberland nesting beaches and 
move north toward Cape Hatteras and the 
Chesapeake Bay. Intensive trawling throughout 
winter failed to capture tagged Little Cumberland 
turtles, probably indicating they had left these 
coastal areas by winter. 
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Figure 3. The distribution by area and month of Little 
Cumberland Island loggerhead turtles captured by trawlers. 
The geographic pattern of fall recoveries was 
scattered, providing no evidence for cohesive 
population movements. Although some turtles 
nested as late as early August, most individuals had 
nested and were not seen after June. Therefore, 
turtles were probably leaving Little Cumberland at 
various times from June to August. A time- 
restricted, mass movement away from nesting 
beaches is unlikely. 
Our study revealed little about arrival patterns. 
Of three April recoveries, two were probably out of 
season and the third was trawled 40 miles south of 
Little Cumberland Island. All May recoveries were 
near St. ~ n d r e w  Sound. 
Airborne Radiation Thermometer (ART) charts 
from the U.S. Coast Guard Oceanographic Unit oc- 
casionally noted sea turtle sightings. These 
sightings were summarized for seven years by 
month and geographic region (Figure 4). Weather 
conditions, water turbidity and observer subjectivi- 
ty reduced our confidence in numerical accuracy of 
these observations, but provides a t  least a general 
impression of monthly sea turtle dispersal. 
Assuming the majority of ART sightings were 
loggerheads, a comparison was made with Little 
Cumberland turtle distribution data from trawls. 
There were numerous turtle sightings from April to 
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Figure 4. The number of sea turtles (all species) sighted by aerial survey. distributed by month and broad geographical area. These data 
have been taken from Airborne Radiation Thermometer (ART) charts provided by the U. S. Coast Guard Oceanographic Unit. Bldg. 
159-E, Navy Yard Annex, Washington, D. C. 20390. 
September north of Cape Hatteras. However, two of 
our three trawler recoveries from this area occurred 
in October and November, after most turtles had ap- 
parently left the area. Little Cumberland post- 
nesting turtles may be transient in this northern 
area because winter water temperatures drop below 
lethal limits. Schwartz (1978) reported 10°C as the 
critical lower limit tolerated by loggerheads. This 
temperature Limit was reflected in U.S. Coast Guard 
ART sightings (Figure 5). 
Sea turtles may passively disperse in oceanic 
gyres (Brongersma, 1972). Most tag returns sug- 
gested a post-nesting migratory route from Little 
Cumberland Island to Cape Hatteras and beyond, 
paralleling the Gulf Stream to Cape Hatteras. 
Turtles could remain well into fall in coastal areas 
from Cape Hatteras to Long Island, New York, 
swimming to warmer water (Gulf Stream) as 
temperatures lowered toward lethal limits. Little 
Cumberland turtles appear to leave coastal areas by 
late fall, perhaps in a Gulf Stream gyre moving 
toward the Sargasso Sea. 
Brongersma (1972) recorded loggerhead 
sightings far into the Atlantic Ocean along the 40th 
parallel. Young loggerheads have been found 
associated with sargassum (Caldwell, 1968; Smith, 
Figure 5. The relative distribution of sea turtles according to the 
temperature of the sea water in the locality where they were 
sighted. Values have been smoothed with a 3-way running 
average. These data have been taken from Airborne Radiation 
Thermometer (ART) charts provided by the U. S. Coast Guard 
Oceanographic Unit, Bldg. 159-E, Navy Yard Annex, 
Washington, D. C. 20390. 
1968), and subadult loggerheads were common in 
the Azores (Brongersma, 197 I), suggesting a cir- 
cular migratory pattern associated with prevailing 
oceanic currents and the Sargasso Sea. 
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ABSTRACT 
In 1973, 51 loggerhead turtles (Caretta caretta) 
and one green turtle (Chelonia mydas) were weighed, 
measured and tagged during night patrols on the 
beach at Merritt Island National Wildlife Refuge. In 
1974, 11 1 loggerheads and two green turtles were 
processed; in 1975, 121 loggerheads and two green 
turtles were recorded. These green turtle nestings 
were the northernmost recorded for this species in 
the western hemisphere. 
Mean over-curvature carapace lengths of Caret- 
ta ranged from 99.1 to 100.4 cm. Straight-line 
carapace lengths averaged 90.9 and 92.3 cm in 1974 
and 1975 respectively. Average weights were 
similar in all three years; mean was 115.9 kg. 
Carapace widths (over-curvature and straight-line), 
and plastron length were also measured. Regression 
analyses for various length-width and length-weight 
relationships were computed. The mean straight- 
line carapace length of the five green turtles was 97 
cm; mean weight was 124 kg. 
A pilot study of the sea turtles in Mosquito 
Lagoon was begun in Spring, 1975. One 31,8 kg 
green turtle and three loggerheads ranging from 
76.3 to 89.9 kg were captured. weighed, measured. 
tagged and released. 
INTRODUCTION 
Female loggerhead turtles, Caretta carettu, 
commonly occur on beaches of southeastern North 
America. Many authors have recorded these occur- 
rences, but often have not supplied morphometric 
data. Caldwell et al. (1955) published natural history 
notes on Florida loggerheads, but only a small 
amount of quantitative data was given. Caldwell et 
al. (1959) published data concerning loggerheads 
from Jekyll Island. Georgia. Loggerhead nesting at 
Cape Romain, South Carolina (1930's) including 
weights of five turtles was discussed in Caldwell 
(1959). Caldwell (1962) published comments on log- 
gerhead nesting behavior from Georgia. LeBuff and 
Beatty (1971) reported similar information for 
Caretta from Florida's lower Gulf coast. Gallagher 
et al. (1972) described loggerhead nesting on Hutch- 
inson Island, Florida, presenting means and ranges 
of carapace widths (CW) and lengths (CL) of 164 
turtles. 
The Merritt Island Refuge is on the grounds of 
Kennedy Space Center, Titusville, Florida. Refuge 
and Space Center beaches are an established 
rookery which holds excellent potential for sea tur- 
tle management since these beaches represent over 
60 km of natural nesting habitat in no danger of 
development. In the summer of 1973 a pilot study of 
loggerhead nesting at Merritt Island National 
Wildlife Refuge was initiated, and continued and ex- 
panded in 1974 and 1975. 
Most investigations of marine turtle life history 
focus upon the accessible stages: female nesting, 
egg incubation and development, and hatchling 
emergence and seaward orientation. Little informa- 
tion is available on the ecology and distribution of 
immature or adolescent marine turtles. Turtle 
fishing (now illegal) was a self-sustaining industry in 
brackish water lagoons surrounding the Merritt 
Island Refuge. Fishermen reported that most 
turtles weighed less than 45 kg. Since nesting on 
refuge beaches begins a t  about 68 kg, a pilot study 
in Mosquito Lagoon was started in 1976 to deter- 
mine the population characteristics and maturity of 
turtles in lagoonal habitats. 
METHODS AND MATERIALS 
Nightly patrols were concentrated along an 8 
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km stretch of Playalinda Beach approximately 21 
km northeast of Titusville, Florida. This beach is 
located between the southern boundary of Sec. 21, 
R37E, T21S, a t  the permanent security barrier 1.6 
km north of Launch Complex 39B, and a point very 
near camera pad UC 10 where an improved dune 
cross-over has been constructed. The dune cross- 
over is essentially on the boundary between Sec. 36, 
R36E, T20S, and Sec. 1, R36E, T21S; all of our 
locality fixes were measured by jeep odometer from 
this point. The beach north of this study area was 
patrolled less intensively. If the work load was low 
in the main study area on any given night, one or 
two patrols as far as 11 km north of the cross-over 
may have been undertaken. 
The vehicles used were 1950 vintage military 
jeeps provided by the Fish and Wildlife Service. 
Weighing was accomplished with a hydraulic jack 
mounted on the back bed of one jeep and a 225 kg 
capacity iron scale with a sling made of nylon straps 
and metal hooks. 
Carapace length and width were measured both 
along a straight line (conventional method) and 
over-the-curvature. Plastron Lengths (PL) and max- 
imum head widths were also measured. 
Tags (Nasco No. 1005; Size No. 49) were placed 
on the posterior edge of the left front flipper of 
nesting turtles about 10 cm distal to the shoulder. 
Turtles were captured in Mosquito Lagoon with 
two large tangle nets. One net was 90 m long with 30 
crn stretch mesh; the other was 135 m with 38 cm 
stretch mesh, Both were composed of nylon twine. 
weighted on the bottom by a braided lead line, and 
suspended with floats at  approximately 15 m inter- 
vals. On five occasions totaling 106 hours, the nets 
were deployed in Mosquito Lagoon a t  approximtely 
28O42'30"N latitude and 80°42'W longitude. 
Turtles were weighed, measured, photographed, 
tagged, and released near the capture point. 
RESULTS AND DISCUSSION 
NESTING BEACH STUDY 
During the summers of 1973, 1974, and 1975, 
288 sea turtles were encountered and processed on 
Merritt Island; 283 (98.3%) were loggerheads, Caret- 
ta caretta, five (1.7%) were green turtles, Chelonia 
mydus. Green turtles which come ashore in Florida 
are remnants of a much larger population nearly ex- 
tirpated by Seminole Indians and early white set- 
tlers (Carr and Ingle, 1959). This nesting site is the 
northernmost recorded for C. mydus in the western 
hemisphere (Ehrhart, 1975). 
Morphological characteristics of loggerheads 
nesting on Merritt Island (Tables 1 and 2) were 
assessed for summers 1973-1975. Table 1 does not 
include straight-line carapace measurements for 
1973 because we had not yet developed an adequate 
measuring tool. 
Mean over-curvature carapace lengths (CLc) were 
extremely similar in 1973,1974 and 1975 (99.1-100.4 
cm). Straight-line mean carapace lengths (CLs) were 
also similar (1974, 90.9 cm; 1975, 92,3 cm). Overall 
range of CLc was 83-124 cm; CLs was 81-110 cm, 
Other authors have not indicated how they 
measured carapace length, but apparently most 
were CLc. The five turtles measured in South 
Carolina (Caldwell, 1959), for example, ranged in 
carapace length from 84.5 cm to 102.9 cm and 
averaged 92.7 cm. I t  seems probable that these were 
straight-line measurements, but these turtles weigh- 
ed comparatively less than ours. Gallagher et al. 
(1972) recorded a range of 77.5-106.7 cm CLs for log- 
gerheads on Hutchinson Island. Caldwell et al. 
(1959) observed a similar range (79.4-114.9 cm CLs) 
for nesting females on Jekyll Island, Georgia. 
The greatest range of carapace width was 
observed in Summer, 1975. Means for both 
measurements, over-curvature (CWc) and straight- 
line (CWs), were similar in all years (Table 1). 
Overall CWs mean (69.7 cm) was similar to that 
reported by Gallagher et al. (1972). The range 
observed on Merritt Island (Table 1) was bracketed 
a t  both extremes by the observed range on Hutchin- 
son Island (60.9-91.4 cm CWs). 
Analysis of length-width relationships allowed 
evaluation of carapace shape variation. Figure 1 
displays regression lines of CLc on CWc for all three 
years. Figure 2 shows regression of CLc on CWc for 
1975 alone, when a more accurate instrument was 
used. Figure 3 shows the regression of CLs on CWs 
for 1975. Correlation coefficients were higher for 
over-curvature measurements (0.839 and 0.842 ver- 
sus 0.784). Reasonably high correlation coefficients 
indicate small carapace shape variation. Gallagher 
et al. (1972) reported an incongruous correlation of 
only 0.57 for this relationship (CLs-CWs) for Hut- 
chinson Island loggerheads. 
Accurate plastron length (PL) measurements 
were possible with a simple measuring tape. Similar 
mean PL was observed each year (Table 2). Overall 
mean length for Merritt Island loggerheads was 
71.4 cm PL; the range was 61.0-84.9 cm PL. 
Weights have been generally unreported for 
marine turtles as a group and for Caretta in par- 
ticular. We weighed 261 loggerheads. Although 
yearly ranges were dissimilar (Table 2), mean 
weights were very similar. Overall mean weight was 
115.9 kg, approximately 4% larger than the 111.2 
kg average of five loggerheads weighed a t  Cape Ro- 
main (Caldwell, 1959). The smallest nesting log- 
gerhead a t  Merritt Island weighed 71.7 kg; the 
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TABLE 1. THREE-YEAR SUMMARY OF CARAPACE MEASUREMENTS OF NESTING FEMALE LOGGERHEAD TURTLES 
(Caretta Caretta) AT MERRITT ISLAND NATIONAL WILDLIFE REFUGE, BREVARD COUNTY. FLORIDA. 
- - - - - - - Over Curvature - - - - - - - - - - - - - - Straight Line - - - - - - - 
- - Length (em) - - - - - - - Width (cm) - - - Length (cm) - - - - - Width (cm) - - - 
- - 
Year N Range X (S.D.) N Range X (S.D.) N Range X (S.D.) N Range X (S.D.) 
TABLE 2. THREE-YEAR SUMMARY OF WEIGHT, PLASTRON LENGTH AND MAXIMUM HEAD WIDTH 
MEASUREMENTS OF NESTING FEMALE LOGGERHEAD TURTLES (Caretta Caretta) 
AT MERRITT ISLAND NATIONAL WILDLIFE REFUGE, BREVARD COUNTY, FLORIDA. 
- - - - Weight (kg) - - - - - - Plastron Length (cm) - - - - Maximum Head Width - - 
- - - 
Year N Range X (S.D.) N Range X (S.D.) N Range X (S.D.) 
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Figure 1. Regression of carapace length on carapace width (over- Figure 2. Regression of carapace length on carapace width (over- 
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largest weighed 180.7 kg. Both turtles were weighed 
after egg deposition. 
Carapace length-weight relationships were 
determined in three different ways: CLc-weight for 
three years (Figure 4); CLc-weight for 1975 (Figure 
5); and CLs-weight for 1975 (Figure 6). Correlation 
coefficients were high for regression of weight on 
CLc. In the years 1973 through 1975, they averaged 
0.878; in 1975 the coefficient was 0.887. The correla- 
tion coefficient of weight and CLs was 0.900, the 
best of all regressed relationships. 
Relationship between weight and CWc for 
1973-75 data was assessed (Figure 7). Figure 8 il- 
I H 8  130 192 194 IY6 19H 2 0 0  2 0 2  
L O G  CARAPACE W I D T H  (crn) 
lustrated CWc-weight for 1975 data and Figure 9 
shows CWs-weight for 1975 data. These coefficients 
were also reasonably high, ranging from 0.841 to 
0.875. Measurements of CW had greater variability 
than CL measurements. 
Correlation between weight on plastron length 
was 0.887 in 1975 (Figure 10) and 0.867 for all three 
years (Figure 11). 
LAGOONAL POPULATION STUDY 
Results of our initial efforts in Mosquito 
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Figure 4. Regression of weight on carapace length (over- Figure 7. Regression of weight on carapace width (over- 
curvature) for Atlantic loggerhead turtles (Caretta caretta), Mer- curvature) for Atlantic loggerhead turtles (Caretta caretta). Mer- 
ritt Island NWR, 1973, 1974, 1975. ritt Island NWR. 1973. 1974. 1975. 
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Figure 10. Regression of weight on plastron length for Atlantic 
loggerhead turtles (Caretta caretta), Merritt Island NWR, 1975. 
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Figure 11. Regression of w e i ~ h t  on plastron length for Atlantic 
loggerhead turtles (Caretta caretta),-~erritt ~ s l a i d  NWR, 1973, 
1974, 1975. 
Lagoon (Table 3) resulted in captures of an im- 
mature green turtle and three loggerheads within 
the lower size range of egg laying females. 
Reproductive status of the loggerheads was 
unassessable. All were tagged and released and 
hopefully, will be observed on a nesting beach 
within the next few years. There is essentially no ad- 
ditional information concerning sea turtle popula- 
tions of Mosquito Lagoon or other lagoonal waters 
of Florida's east coast. Felger et al, (1976) reported 
that green turtles (Cheloniu mydas) enter a period of 
dormancy while overwintering on the bottom of the 
Gulf of California. Whether or not C. mydas does 
this in Florida's coastal waters is unknown. Carr 
and Caldwell(l956) mentioned that some Gulf coast 
fishermen felt that green turtles there overwintered 
on the bottom. These fishermen noticed that some 
turtles caught in early spring had mud on their 
backs. Therefore, it is possible that this winter dor- 
mancy in green turtles also occurs in Florida waters. 
This question, and others concerning the role of time 
spent in lagoonal systems and subsequent nesting 
behavior, await more study. 
SUMMARY 
1. During summers of 1973, 1974 and 1975, 283 
different loggerhead turtles, Caretta caretta, 
and 5 green turtles, Chelonia mydas, were 
observed nesting on the beaches of Merritt 
Island National Wildlife Refuge (Kennedy 
Space Center), Florida. 
2. Annual mean over-curvature carapace length 
ranged from 99.1 cm to 100.4 cm; straight-line 
length averaged 90.9 cm in 1974 and 92.3 cm in 
1975. 
3. Annual mean over-curvature carapace width 
ranged from 90.7 cm to 92.4 cm; straight-line 
width averaged 69.5 cm in 1974 and 70.0 cm in 
1975. 
4. Regression analysis of relationships of length to 
width yielded correlation coefficients ranging 
from 0.784 to 0.842, 
5. The overall mean plastron length for Merritt 
Island loggerheads was 71.4 cm; the range was 
61.0-84.9 cm. 
6. The overall mean weight of 261 adult female log- 
gerheads was 115.9 kg. The range was 71.7 kg to 
180.7 kg. 
7. Relationships between lengths and weight were 
analyzed. The highest correlation coefficient 
observed (0.900) was for the relationship bet- 
ween CLs and weight. 
8. Pilot studies of the sea turtles of Mosquito 
Lagoon were carried out in Spring and Summer 
of 1975. One immature green turtle weighing 
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TABLE 3. SUMMARY OF INFORMATION DERIVED FROM SEA TURTLES CAPTURED IN MOSQUITO LAGOON, 
MERRITT ISLAND NATIONAL WILDLIFE REFUGE, BREVARD COUNTY, FLORIDA, 
IN THE SPRING AND SUMMER O F  1975. 
Species 
Chelonia 
mydas 
Caretta 
care tta 
Caretta 
caretta 
Caretta 
care t ta 
- - - - - - Carapace- - - - - - - 
- - Over Curve - - - - Straight Line - - Plastron 
Date Weight Length Width Length Width Length 
Tag No. Sex Captured (kg) (cm) (cm) (cm) (em) (cm) 
Maximum 
Head Width 
(cm) 
31.8 kg and three loggerheads ranging in weight 
from 76.3 to 89.9 kg were tagged and released. 
9. There is potential for marine turtle research, 
management, and preservation programs on the 
beaches and in the waters surrounding the Mer- 
ritt Island National Wildlife Refuge, the 
Canaveral National Seashore, and the Kennedy 
Space Center. 
ACKNOWLEDGEMENTS 
We gratefully acknowledge the thousands of 
hours of work on the beach volunteered by a group 
of FTU students, refuge staff members, and others 
too numerous to name individually. Special thanks 
are due, however, to student assistants Peter Saber 
and Richard Demmer. Much of the credit for the 
design and construction of our weighing rig goes to 
refuge staffers, Jefferson Fountain and Elwood 
Hurte. We also gratefully acknowledge the provi- 
sion of turtle tags by Dr. Archie F. Carr of the 
University of Florida, who was funded by NSF 
Grant No. 2162B71. The entire project was sup- 
ported financially by the National Aeronautics and 
Space Administration through Grant No. NGR 
10-019-004 and by the U.S. Fish and Wildlife Ser- 
vice. 
LITERATURE CITED 
CALDWELL, D. K. 
1959. The loggerhead turtles of Cape Romain, 
South Carolina. Bull. Fla. State Mus. 
Biol. Ser. 4: 319-348. 
1962. Comments on the nesting behavior of 
Atlantic loggerhead turtles, based 
primarily on tagging returns. Q. J. Fla. 
Acad. Sci. 25: 87-302. 
CALDWELL, D. K., A. F. CARR, 
and T. R. HELLIER 
1955. Natural history notes on the Atlantic log- 
gerhead turtle, Caretta caretta caretta Q.  
J .  Fla. Acad. Sci. 18: 292-302. 
CALDWELL, D. K., A. F. CARR. 
and L. H. OGREN 
1959. Nesting and migration of the Atlantic 
loggerhead turtle. Bull, Fla. State Mus. 
Biol. Ser. 4: 295-308. 
CARR, A. F., and D. K. CALDWELL 
1956. The ecology and migrations of sea turtles. 
1. Results of field work in Florida, 1955. 
Am. Mus. Novit. l(793): 1-23. 
CARR, A. F. and R. M. INGLE 
1959. The green turtle (Chelonia mydus mydas) 
in Florida. Bull. Mar. Sci. Gulf. Caribb. 
9(3): 315-320. 
EHRHART, L. M. 
1975. Chelonia mydas nesting on Merritt 
Island, Florida. Fla. Sci. 38(1): 5 (Abstr.) 
FELGER, R. S., K. CLIFFTON, 
and P. J. REGAL 
1976. Winter dormancy in sea turtles: indepen- 
dent discovery and exploitation in the 
Gulf of California by two local cultures, 
Science (Wash., D.C.) 191: 283-285. 
GALLAGHER, R. M., M. L. HOLLINGER, 
R. M. INGLE, and C. R. FUTCH 
1972. Marine turtle nesting on Hutchinson 
Island, Florida in 1971. Fla. Dept. Nat. 
Resour. Mar. Res. Lab. Spec. Sci. Rep. 
No. 37: 1-11. 
LeBUFF, C. R., JR., and R. W. BEATTY 
197 1. Some aspects of nesting of the loggerhead 
turtle, Caretta caretta caretta (Linnk), on 
the Gulf coast of Florida. Herpetologica 
27(2): 153-156. 
NUMBER 33 
THE ROLE OF AERIAL SURVEYS IN ESTIMATING NESTING 
POPULATIONS OF THE LOGGERHEAD TURTLE 
Charles R. LeBuff, Jr. 
Caretta Research. Inc. 
and 
Patrick D. Hagan 
U.S. Fish and Wildlife Service 
ABSTRACT 
Aerial census techniques and problems with 
their use in sea turtle nesting surveys are discussed. 
Nesting trends in a regional population of log- 
gerhead turtles (Caretta caretta) based on these 
techniques reveal a decline in the nesting density of 
loggerheads in southwest Florida. 
INTRODUCTION 
The use of aircraft to determine various wildlife 
population levels is widespread. Application of this 
technique to studies of marine turtle ecology and 
management is gaining popularity. The most 
dramatic use of aircraft for sea turtle surveys was 
that of Andres Herrera when he photographically 
documented the arribada of Lepidochelys kempii in 
1947 in Mexico (Hildebrand, 1963). More recently 
researchers in Georgia (Caldwell et al., 1959) and 
Florida (Davis and Whiting, 1977) have employed 
aircraft in turtle surveys. 
In 1969 a major aerial survey was initiated 
along 178 km (102 miles) of coastline in southwest 
Florida to study loggerhead nesting crawls. The 
purpose of these surveys was to answer the follow- 
ing questions: (1) which beaches in southwest 
Florida are most frequented by loggerheads; (2) 
when is nesting activity highest; (3) do nesting 
peaks change from year to year; (4) are loggerhead 
nesting populations increasing or decreasing; (5) 
what changes in nesting a t  specific beaches occur 
from summer to summer? These surveys continued 
through 1976, but only the years 1970 and 1975 are 
herein discussed. 
STUDY AREA 
1). This area consists of barrier islands typically of 
low elevation (under 5 m high) with moderate to low 
energy beaches, Most are developed for human use; 
some are uninhabited. 
Loggerhead turtles nest on all Gulf beaches. 
Few of the islands within the study area were 
historical loggerhead rookeries [more than 50 
nestslkmlnesting season, (Klukas, 1967)l. Usurpa- 
tion of nesting habitat, especially by man, has 
adversely affected the nesting of loggerheads. 
Within the study area the Caretta population, based 
on actual nesting emergences, exists at a non-static 
and decreasing level. At present two loggerhead tur- 
tle rookery beaches exist along the entire Gulf of 
Mexico: Cape Sable located within Everglades Na- 
tional Park, and Keewaydin Island. 
CAY0 COSTA (CC) d f l  
CAPTIVA ISLANU (CI) - 
SANIBEL ISTAND ( S T )  
KF.FWAYOTN TSLAND (KI) - 
MARC0 TSLAND (MI) 
-\ 
CAPE ItOMANU (CR) <!pq 
The study area extends from Morgan Pass, Col- 
lier County, (25"51'N, 81'41' W) north to Venice In- 
let, Sarasota County, (27 "07 ' N, 82'28 ' W) (Figure Figure 1. Region of study, 1970 to 1975. 
METHOD 
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Systematic aerial surveys of beaches from Cape 
Romano north to Manasota Key have been flown 
since 1970. During the 1970 season surveys were 
conducted from 16 May to 16 July and in 1975 from 
15 May to 20 July. Surveys were conducted every 
two to three weeks. Flights were usually made on 
weekends to coincide with pilot and aircraft 
availability. This frequency decreased the possibili- 
ty of counting nests twice because crawls have an 
average observational life from the air of less than 
one week. 
Flights were made parallel to the coastline 60-90 
m (200-300 f t )  seaward of the beach at an altitude of 
30-90 m (100-300 f t )  and airspeed of 129-160 krnlh 
(80-100 mph). Surveys were flown during different 
tide stages and times of day and nests sighted were 
recorded (Figures 2 and 3). 
Four different observers and one pilot par- 
ticipated in the 1970 flights, while one observer and 
one pilot conducted the 1975 flights. Pilots did not 
participate in nest counting, A crawl was considered 
a nesting crawl when the turtle tracks surmounted 
the beach vegetation line and arched fore-flipper 
sweep patterns were visible. 
RESULTS AND DISCUSSION 
Five aerial surveys were conducted in both 1970 
and 1975. The final flight of 1970 (16 July) was 
shortened due to weather conditions and only flown 
from the southern tip of Cape Romano to the north- 
ern end of Estero Island. The nest crawl figures for 
the final flight of 1975 are adjusted to deal with only 
this area. Survey time averaged 3.1 h and ranged 
from 2,5 to 3.7 h. Longer flight times were logged 
during surveys in 1970 which extended north to 
Egrnont Key. By 1973 it was apparent that coastal 
development had reduced Caretta nestings north of 
Venice Inlet, thus this area was eliminated from 
subsequent surveys, Total nests counted on 
southwest Florida beaches are shown in Figures 2 
and 3. 
The observability of crawls and their identifica- 
tion as nesting or non-nesting was hampered by a 
number of factors. Flying a t  130 krnlh required the 
observer to quickly decide if a crawl resulted in ac- 
tual nesting. Crawls in close proximity to each other 
or crawls partially hidden or washed away com- 
pounded this difficulty. Effects of wind, rain and 
tides limited observational accuracy. Strong wester- 
ly or northwesterly winds in conjunction with high 
tides often caused beach erosion and shifting sands. 
Marine vegetation left upon the beach after severe 
weather also concealed crawls. Human recreation 
I 
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Figure 2. Loggerhead turtle nesting totals based on aerial 
surveys of nesting beaches, 1970. 
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Figure 3. Loggerhead turtle nesting totals based on aerial 
surveys of nesting beaches, 1975. 
SURVEY YEAKL, 
Figure 4. Annual number of observed loggerhead turtle nests in 
Southwest Florida, based on aerial surveys. 
*No 6115 flight because of Hurricane Agnes. 
**Flights on 6116, 711, and 7125 only. 
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and motor vehicle operation obliterated crawls in 
some areas. Illegal vehicle operation was a major 
problem on Vanderbilt, Bonita and parts of Sanibel 
Beaches. Observational problems due to glare and 
vegetation shadows were minimized by flying after 
1200 hours. 
Data collected during the 1970 and 1975 
surveys (Hagan, 1975) indicated peak nesting occur- 
ring during the last two weeks of June. The largest 
number of nests was recorded on 1 July 1970 (287 
nests), and on 29 June 1975 (242 nests). Aerial and 
associated ground surveys in intervening years 
have indicated that peaks can occur from the last 
week in June through the second week of July. 
The number of loggerhead nests decreased from 
758 (1970) to 520 (1975), a 31% decrease. All beaches 
in the survey area, except Vanderbilt Beach, Big 
Gasparilla Island and Manasota Key experienced a 
decrease in nesting over the six year period. The 
number of nest sites on Big Gasparilla Island 
observed from the air between the two years was 
identical. The three undeveloped areas with the 
greatest reduction in nests were Cape Romano, 49% 
(from 230 to 118), Keewaydin Island, 27% (245 to 
179) and Lover's Key, 81% (from 27 to 5). Nesting 
decreases attributed to resort development included 
Naples Beach, 93% (from 14 to l ) ,  Marco Island, 
38% (from 8 to 5), and Sanibel Island, 20% (from 25 
to 20). 
Comparison of aerial survey results with ground 
surveys a t  Manasota Key, Sanibel Island, and 
Bonita Beach indicated that aerial counts were ap- 
proximately 50% less than ground counts. Each 
ground truth beach survey was conducted the night 
prior to an aerial survey. A theoretical seasonal 
nesting population of loggerheads in the study area 
was derived from the aerial survey data by doubling 
those results and dividing by the mean number of 
nestings per loggerhead in this area (three nests per 
loggerhead; Hagan, 1975, Zajicek, 1976). Using this 
methodology the study area contained a t  least 1,516 
loggerhead nests in 1970 and 1,040 in 1975 for an 
estimated female nesting population of 500 in 1970 
and 345 in 1975. 
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POPULATION ESTIMATES FOR NESTING FEMALE LOGGERHEAD SEA TURTLES (Caretta caretta) 
IN THE ST. ANDREW SOUND AREA OF SOUTHEASTERN GEORGIA, U.S.A. 
James I. Richardson and Thelma H. Richardson 
University of Georgia 
and 
Michael W. Dix 
Universidad del Valle de Guatemala 
ABSTRACT 
A population estimte of nesting loggerhead sea 
turtles (Caretta caretta) on Little Cumberland 
Island. Georgia, from a thirteen-year tagging study 
is reported and contrasted with a loggerhead study 
(Hughes, 1974) from Tongaland, South Africa. 
Estimates were obtained with a removal sampling 
method and a catch per.unit effort method. The 
catch per unit effort method seemed most able to 
handle variations in turtles nesting each year. 
Population estimates (95% confidence intervals) 
with this method were 771 (+ 100) adult female 
turtles for Little Cumberland Island and 3592 (f 
500) adult female turtles for Tongaland. Annual 
nesting population appeared to average 11 % of the 
Little Cumberland population and 12% of the 
Tongaland population. There was no evidence of 
recruitment to the Little Cumberland population, 
despite the annual production of 6.000 to 10,000 
hatchlings since 1965. 
INTRODUCTION 
Sea turtle behavior has made estimates of 
nesting populations difficult. Loggerhead turtles 
displayed inconstant remigration intervals between 
beaches (Richardson et al., 1978), between females 
within a population and within individual remigra- 
tion patterns. Additionally, a substantial portion of 
initially tagged individuals apparently have never 
remigrated (Carr and Carr, 1970; Hughes, 1974). 
Also, individual turtles could not be associated with 
a distinct, genetically homogeneous population 
(Smith et al., 1977). These factors combined to in- 
validate a basic assumption of conventional mark- 
recapture estimates: that marked and unmarked 
turtles have equal probabilities of capture. Another 
assumption, marked animals do not lose their iden- 
tification, was invalidated by high tag losses as 
evidenced by numerous turtles having tagging scars 
but no tags. 
An alternative population estimate may be de- 
rived from intensive long-term saturation tagging in 
a restricted nesting area. Such estimates rely only 
on the presence or absence of tagging scars. This 
paper applies this method to Little Cumberland 
Island (LCI) female loggerheads and contrasts the 
results to a similar study at Tongaland, South 
Africa (Hughes, 1974). 
METHODS AND MATERIALS 
Little Cumberland Island is one of the Georgia 
barrier islands. The relationship of LC1 to surround- 
ing islands and to adjacent St. Andrew Sound was 
described by Bell and Richardson (1978). The impor- 
tance of LC1 as a high density loggerhead nesting 
beach was detailed by Caldwell et al. (1959 a, b) and 
Caldwell (1962), 
The LC1 Loggerhead Project was initiated in 
1964 and has continued without interruption 
through 1976. Monel and nylon tags were used with 
limited success (T. H. Richardson et al., 1978). LC1 
population estimates relied only on the presence or 
absence of a tag scar. I t  has been assumed 
throughout the years that all tag scars resulted 
from tags originally applied on LCI. A tagging pro- 
gram was initiated on adjacent Cumberland Island 
in 1973, and significant nesting overlap has oc- 
curred between LC1 and Cumberland Island (J. I. 
Richardson, unpublished data), complicating 
assumptions on tag scar origin. However, the in- 
fluence of the Cumberland Project should not com- 
promise LC1 population estimates. The LC1 nesting 
beach was approximately 4 km long and was usually 
patrolled by motorized vehicles (early June-early 
August). Foot patrols were necessary for several 
hours a t  high tide. Early nesters (rnid-May-early 
June) were not intercepted by patrols. Beach 
coverage efficiency ranged from 70% to 85% 
because of these uncredited nests. Hourly patrols 
minimized the number of turtles turned back during 
nesting approaches because they were startled by 
patrol activity. This schedule also reduced chances 
that turtles would nest and return to the ocean 
undetected. 
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RESULTS AND DISCUSSION 
Ratios of neophytes (turtles previously un- 
tagged and unscarred) and cumulative turtles 
generally declined annually for LC1 and Tongaland 
populations (Table 1). Regressing total neophytes 
per year against cumulative turtles constituted 
removal sampling (Zippen, 1958) (Figure 1, Table 2). 
The first two seasons (1964, 1965) were not included 
in regression analyses since LC1 turtles do not 
usually return for two years. The LC1 tagging pro- 
gram has saturated the available population driving 
numbers of neophytes annually encountered toward 
zero. Had we been harvesting instead of tagging, 
such a linear removal rate would have virtually 
eliminated the population in thirteen seasons. A 
total population of 688 turtles was estimated from 
the regression intercept, with an upper 95% con- 
fidence limit of 779 turtles. The regression for the 
Tongaland total neophyte relationship was not cor- 
related (Table 2). 
Recruitment would be indicated by a negative 
exponential (Curvilinear) relationship between 
neophytes and cumulative tagged turtles. A linear 
relationship of this data after 13 seasons of tagging, 
indicates lack of recruitment (Figure 1). Since 1964, 
6,000-10,000 hatchlings have been released annually 
(J. I. Richardson, 1978). Either survival rate of 
these hatchlings is very low, perhaps less than 1% 
(Hughes, 1974), or maturity may require more than 
12 years (P. R. Witharn, personal communication), 
or maturing young are not site fixed on the LC1 
beach. Even with 99.9% mortality six to ten recruits 
could be expected annually and would be reflected in 
our regression analysis. 
Annual nesting fluctuations have complicated 
sea turtle population analyses. These fluctuations 
occurred similarly a t  LC1 and Tongaland (Figure 2). 
Hughes (1974) believed a low year may have in- 
dicated a previously poor hatching year and 
reflected low recruitment for that age class. 
Neophytes and rernigrants seemed equally reduced 
during low years on LCI, probably indicative of a 
remigration refractory period, The last three years 
of LC1 population data were consistently low and in- 
explicably deviated from the pattern. Tagging 
studies on either side of LC1 (5. I. Richardson et al.. 
1978) did not support the possibility that turtles 
shifted their preferred nesting beach (Caldwell, 
1962) or that mortality increased. 
Carr and Carr (1970) reported an inverse rela- 
tionship between seasonal population size and per- 
cent remigrants for Tortuguero, Costa Rica green 
sea turtles. No such relationship has been shown for 
LC1 loggerheads. Actually, neophyte percentages 
have consistently decreased with additional tagging 
seasons, regardless of absolute seasonal population 
size. Considering a nesting season as a unit of 
TABLE 1. POPULATION STATISTICS FOR FEMALE LOGGERHEADS AT LITTLE CUMBERLAND ISLAND, GEORGIA 
AND TONGALAND. SOUTH AFRICA (HUGHES, 1974). 
Total Cumulative Percent 
Year Turtles Remigrants Neophytes Turtles Neophytes 
Little Cumberland Island, 
1964 
1966 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
Georgia 
120* 
66 
100 
114 
78 
122 
76 
101 
130 
62 
63 
70 
56 
Tongaland, South Africa 
1964-'66 
1966-'66 
1966-'67 
1967-'68 
1968-'69 
1969-'70 
1970-'71 
1971-'72 
1972-'73 
-- 
*Derived from an estimate of two nests per turtle and a 1964 count of 240 nests. 
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Cumulative Turtles Cumulative Turtles 
Figure I. A linear regression comparison of female neophyte loggerheada (Caretta caretta) recorded per year relative to the cumulative 
number of marked loggerheads up to and including that year. Data are from Little Cumberland Island. Georgia (solid dots and solid 
lines) and Tongaland (Hughes, 1974), South Africa (open circles and dashed lines). 
sampling, neophyte percentage was equivalent to 
catch per unit effort (CPU). This, regressed against 
cumulative turtles, provided another population 
estimate (Cooper and Lagler, 1956) (Figure 1, Table 
2). The Tongaland estimate was 3592 f 517 (95% C. 
I.) individual turtles. Aproximately twenty sample 
periods (turtle years) were recommended to obtain a 
reliable CPU prediction of LC1 population size. 
An average 88 turtles per season on LC1 
represented an annual return of 11% of the 771 
estimated population. Hughes (1974) estimated a 
mean seasonal nesting population for Tongaland of 
420 turtles which would be 12% (42013572) of the 
population we estimated for Tongaland. 
Since the mean remigration interval for the LC1 
population was 2.5 years (T. H. Richardson et al., 
1978), an average 40% of the population would nest 
per year if remigration approached 100%. A signifi- 
cant proportion of LC1 turtles apparently never 
remigrate and this was reflected by our low remigra- 
tion rate (11%), An assessment of unobserved 
remigration to adjacent islands would allow an ad- 
justment of the 11% toward the expected rernigra- 
tion (40%). Incorporating recent unpublished data 
for adjacent islands, we would obtain an estimate of 
1300 to 1800 laying females for the St. Andrew area. 
Tongaland neophyte removal rate was lower 
than LC1 removal rate (Figure l),  possibly an ar- 
tifact of sampling logistics. The LC1 nesting beach 
had distinct boundaries and its four km length was 
entirely patrolled hourly. The Tongaland nesting 
beach boundaries were less distinct; 32-56 krn were 
patrolled once daily and 16 km more intensively 
monitored on foot. Numerous unobserved nestings 
a t  Tongaland would lower neophyte removal rate. 
Insufficient year class data due to high tag loss 
has restricted efforts to estimate LC1 population. 
Open population estimates, using only year class 
marks, are available (Seber, 1973). Such techniques 
would presumably allow verification and refinement 
of LC1 nesting population estimates. 
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TABLE 2. SIMPLE LINEAR REGRESSIONS AND 
SUPPORTING STATISTICS FOR A COMPARISON 
OF NESTING NEOPHYTE FEMALE LOGGERHEADS 
RECORDED PER YEAR TO THE CUMULATIVE 
NUMBER OF MARKED TURTLES UP TO AND 
INCLUDING THAT YEAR. DATA ARE FROM 
LITTLE CUMBERLAND ISLAND, GEORGIA 
AND TONGALAND, SOUTH AFRICA 
(HUGHES 1974).* 
Total neophytes per season (X) against 
cumulative marked turtles (Y) 
LC1 Tongaland, S.A. 
n =  11 n = 9  
Y = 687.61 = 4.03X Y = 2423 - 7.09X 
r2 = .74 r2 = .24 
sao = 46.32 Sao = 919.04 
95% C.I. = 597 to 779 95% C.I. = 585 to 4261 
Per cent neophytes per season (X) against 
cumulative marked turtles (Y) 
LC1 Tongaland, S.A. 
n = 11 n = 9 
Y = 771.11 - 5.34X Y = 3592 - 32.25X 
r2 = .81 r2 = .93 
Sao = 50.00 Sao = 258.39 
95% C.I. = 671 to 871 95% C.I. = 3075 lo 4109 
*Form of the regression: Y = a. + a l X  where Y = population 
estimate. Confidence intervals (C.I.) for the population estimate 
are estimated with two standard errors around the intercept 
(Sa0). 
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Figure 2. Fluctuations in the annual number of nesting female 
loggerheads a t  Little Cumberland Island, Georgia and 
Tongaland. South Africa (Hughes, 1974). A Tongaland season 
lags a Little Cumberland season by approximately six months. 
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REMIGRATION PATTERNS OF LOGGERHEAD SEA TURTLES (Caretta caretta) 
NESTING ON LITTLE CUMBERLAND AND CUMBERLAND ISLANDS, GEORGIA 
Thelma H. Richardson and James I. Richardson 
University of Georgia 
Carol Ruckdeschel 
Cumberland Island 
and 
Michael W. Dix 
Universidad Del Valle De Guatemala 
ABSTRACT 
There have been 453 remigrations of female log- 
gerhead sea turtles (Caretta caretta) to Cumberland 
and Little Cumberland Islands, Georgia (671 
neophytes tagged, 1964 through 1974). Modal 
remigration interval was two years, mean interval 
was 2.5 years; about three percent of remigration in- 
tervals were one-year. In contrast, one-year remigra- 
tion has never been documented for green turtles 
(Chelonia mydas). Annual remigration may also be 
an intraspecific difference between geographically 
distinct loggerhead populations such as turtles of 
Tongaland, South Africa, where 22% of intervals 
were one-year. Inconstant multiple remigration in- 
tervals occurred frequently. Shifts from three-year 
to two-year intervals and vice-versa were equally 
probable. After adjustment for lost tags, an 
estimated 49% of all turtles tagged on Cumberland 
beaches have returned. Some Cumberland turtles 
may nest only once causing lower remigration rates, 
but the phenomenon was not considered as common 
as that reported for Tongaland and Tortuguero. 
Costa Rica. 
INTRODUCTION 
Periodicity and rate of remigration are two 
aspects of sea turtle nesting behavior. Knowledge of 
these aspects permits estimation of the proportion 
of the total annual nesting population. However, 
reliable estimates of remigration rates require inten- 
sive, long-term and continuous monitoring of 
nesting beaches. Therefore, short duration (2-3 
years) tagging programs are not likely to add 
substantially to present knowledge of loggerhead 
and green turtle remigration behavior. Little 
Cumberland Island, one of Georgia's barrier islands, 
supports an unusually high concentration of nesting 
loggerheads (Caldwell et al,, 1959). This paper 
describes remigration patterns of loggerhead turtles 
observed over a 12-year period (1964-1975) at  Little 
Cumberland and Cumberland Islands. Georgia. 
METHODS AND MATERIALS 
The Little Cumberland Island nesting beach, 
approximately four km long, was patrolled by jeep 
and on foot a t  45-60 min intervals between 2200 and 
0500 hr from June to August. During 1972, there 
was sporadic tagging on Cumberland Island, while 
effective tagging and complete coverage began in 
1974 with patrols monitoring 6.5 krn of beach a t  the 
island's north end, adjacent to Little Cumberland 
Island. Little Cumberland and Cumberland Islands 
are separated by a tidal creek and about one km of 
marsh and sand bars. Evaluations of loggerhead 
remigration combine three years of Cumberland 
records with thirteen years of Little Cumberland 
records. This common nesting area is referred to as 
Cumberland beaches. 
All individual female turtles since 1968 were 
double tagged to reduce effects of tag loss. All un- 
tagged turtles were examined for calluses (old tag 
scars) to determine previous tagging status. Monel 
tags with a University of Florida return address 
were used exclusively from 1964 to 1968; these tag 
losses were substantial. Nylon tags manufactured in 
England were used for the first time in 1969 with 
fair success, but the company no longer manufac- 
tures them. Durability of British tags appeared to 
be a t  least six years. A second batch of nylon 
Rototags, manufactured in the U.S. and identical to 
the English tags, was used during 1975. We 
estimate future loss of these tags will be high 
because some tag loss was observed during 1975. 
RESULTS AND DISCUSSION 
A cumulative 727 female turtles were tagged on 
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Cumberland beaches by the close of the 1975 
nesting season. Over the 12-year period there were 
453 remigrations to Cumberland beaches from 671 
females tagged by the end of 1974; 242 of these 
(53%) bore legible tags. 
Table 1 summarizes all recorded remigration in- 
tervals. Individual turtles with multiple remigra- 
tions appear in more than one place in this table. 
Values are also expressed as percentages of all 
turtles encountered during a particular nesting 
season. Number of callused turtles resulting from 
tag losses are presented for each year. Twelve 
turtles with unknown tagging histories when initial- 
ly tagged have been apportioned equally between 
neophyte and callused categories. Two turtles with 
tags but lacking tagging histories have been includ- 
ed only in the "Turtles Encountered" category, 
Figure 1 compares frequency of remigration in- 
tervals for loggerhead turtles tagged at Cumberland 
and at Tongaland, South Africa (Hughes, 1974) and 
for green turtles tagged at Tortuguero, Costa Rica 
(Carr and Cam, 1970). Table 2 summarizes remigra- 
tion patterns of individual Cumberland turtles. A 
number of these individuals, indicated with paren- 
theses, bore old tag scars and must be considered as 
retagged turtles with unknown previous histories. 
We assumed that turtles arriving with old tag scars 
were originally tagged on Little Cumberland Island. 
ANNUAL REMIGRATION 
Annual remigration (one-year interval) has not 
been observed for green turtles (Harrison, 1956; 
Carr and Carr, 1970; Hughes, 1974). Caldwell(1962), 
analyzing four years of loggerhead tagging results 
on Jekyll Island, Georgia, reported a remigration 
rate of 9% from 154 tagged turtles, with no annual 
remigrations. Kaufmann (1975) reported a remigra- 
tion rate of 6% from 80 nesting loggerheads to 
Buritaca Beach, Columbia. South America, and no 
annual remigration. We have recorded a 49% 
remigration rate to Cumberland beaches with an- 
nual cycles accounting for 3% (71242) of total 
remigration. This observation was consistent with 
reports of annual remigration in North Atlantic log- 
gerheads by Dix and Richardson (1972) for Little 
Cumberland Island and Ehrhart (1976) for Cape 
Kennedy, Florida. Hughes (1974) reported a 
remigration rate of 31% for Tongaland loggerheads 
and 22% annual remigration. Limpus (1973) 
TABLE 1. FREQUENCY OF REMIGRATION INTERVALS OF LOGGERHEAD TURTLES RETURNING TO 
CUMBERLAND, GEORGIA. 
Turtles 
Season Encountered 1 
Remi- Neo- 
5 6 Lost Tag gration phyte 
62 
56 
3 97 
? (3.0%) 
9 12 102 
(7.9%) (10.5%) 
19 22 56 
(24.4%) (28.2%) 
40 57 66 
(32.5%) (46.3%) 
2 1 40 36 
(27.6%) (52.6%) 
35 8 1 35 
(30.2%) (69.8%) 
1 17 62 66 
(0.8%) (12.9%) (47.0%) 
1 1 12 45 38 
(1.2%) (1.2%) (14.1%) (52.9%) 
2 3 19 62 5 1 
(1.7%) (2.5%) (16.1%) (52.5%) 
33 63 56 
(27.3%) (52.1%) 
Total 1182 
7 135 75 17 4 4 = 242 
(2.9%) (55.8%) (31.0%) (7.0%) (1.7%) (1.7%) 
*Initial tagging status could not be determined for 4 turtles (1972), 2 turtles (1973), 5 turtles (1974), and 3 turtles (1975). Twelve of these 
individuals have been arbitrarily apportioned (**I in equal numbers between remigrants and neophytes. 
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Figure 1. The distribution of remigration intervals observed for 
loggerheads (Caretta caretta) at Little Cumberland and 
Cumberland Islands, Georgia, for loggerheads at Tongaland, 
South Africa (Hughes, 1974). and for greens (Chelonia mydas) at 
Tortuguero, Costa Rica (Carr and Carr, 1970). 
reported that 9% of 858 loggerhead turtles had 
returned to Mon Repo, Australia with a 12% (10183) 
annual remigration rate. Apparently, annual 
remigration occurs regularly for a small portion of 
North Atlantic loggerhead populations, but is a 
more common pattern among South African and 
Australian populations. 
MULTIPLE YEAR REMIGRATION 
Approximately 56% of loggerhead turtles 
remigrating to Cumberland beaches returned in two 
years, and 31% in three years (Figure 1). Modal 
remigration interval was two years (mean interval, 
2.5 years). Caldwell (1962) reported two and three 
year remigration intervals, with a dominant two 
year interval on Jekyll Island, Georgia. Limpus 
(1973) reported a similar occurrence from Mon Repo, 
Australia. Kaufmann (1975) reported only two year 
intervals for loggerheads returning to Columbian 
beaches. Hughes (1974) reported that 54% of 
remigrating loggerheads at Tongaland returned in 
two years and 10% in three years. Ehrhart (1976) 
reported five loggerhead returns to Cape Kennedy, 
Florida, after a two year interval. 
Carr and Carr (1970) indicated that green turtles 
have a dominant three year and a subdominant two 
year remigration interval. Harrison (1966) reported 
that green turtles return to Sarawak, Borneo at only 
three year intervals. Bustard and Tognetti (1969) in- 
dicated four year intervals for green turtles at 
Heron Island, Australia. 
Worldwide loggerhead populations have dif- 
ferent characteristic remigration intervals; an in- 
terspecific difference with greens was also apparent. 
Limpus (1973) indicated the difference between log- 
gerheads and greens may be determined by diet; log- 
gerheads are carnivores and greens are herbivores. 
If available food determines loggerhead remigration 
intervals (Hughes 1974), then geographic in- 
traspecific differences in these intervals may also 
reflect differences in worldwide food abundances 
andlor distributions. 
MULTIPLE REMIGRATION PATTERNS 
BY INDIVIDUAL TURTLES 
Individual remigration intervals were typically 
inconstant for Cumberland loggerheads (Table 2), 
similar to Hughes' (1974) observations on 
Tongaland turtles. Tortuguero green turtle remigra- 
tion intervals predominantly shifted from three to 
two years; shifts from two to three year intervals 
were less common (Carr and Cam, 1970). However, 
we have found that individual interval shifts occur- 
red equally in the Cumberland loggerhead popula- 
tion. 
Supporting evidence for possible long-term 
remigration intervals is still accumulating. Return 
intervals of four or more years accounted for 10% of 
total returns to Cumberland beaches. More exten- 
sive monitoring of these beaches will assure that 
possible interim nestings would be observed, allow- 
ing accurate evaluations of intrinsic remigration in- 
tervals (in preparation). 
REMIGRATION RATES FOR 
THE POPULATION 
A number of conceptually different remigration 
rates have been reported. For clarity and consisten- 
cy within this paper and in future studies, we will 
define three types of remigration rates. Neophyte 
turtles tagged during the 1975 season were not in- 
cluded in totals (denominator of following fractions) 
since they could not remigrate within a season 
(Tables 1 and 3). 
Type 1 remigration rate measures remigration 
activity per turtle within a study area and is the 
ratio of the number of remigration records to total 
individuals marked. Applying this definition to 
Cumberland turtles, we obtain a 68% (4531671) 
remigration rate. Hughes (1974) reported 34% 
(55511652) Type 1 remigration rates for Tongaland 
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TABLE 2. PATTERNS OF REMIGRATION INTERVALS FOR INDIVIDUAL LOGGERHEAD TURTLES FROM 
CUMBERLAND AND LITTLE CUMBERLAND ISLANDS, GEORGIA. NUMBERS IN PARENTHESES 
REPRESENT THAT PORTION O F  THE INDIVIDUALS WHICH WERE CALLUSED UPON 
ARRIVAL AND WHOSE PREVIOUS HISTORY WAS UNKNOWN. 
(1964 - 1975) 
2 Remigrations 3 Remigrations 1 Remigration 4 Remigrations 
Interval Observed Interval Observed Interval Observed Interval Observed 
(years) Frequency (years) Frequency (years) Frequency (years) Frequency 
5 2 
6 3 
Total 104(34) 
Grand 
Total 
loggerheads, and Carr and Carr (1970) reported 6% 
(44717000) for Tortuguero greens. 
Type I1 rate measures probabilities that 
neophytes will return as remigrants. Apparently, 
many tagged turtles do not return (Hughes, 1974). 
For instance, only 6% (39917000) of Tortuguero 
green turtles had been seen after 15 years of tagging 
[calculated by Hughes (1974) from Carr and Carr 
(1970)l. Numerous tag losses experienced a t  
Tongaland and Cumberland complicate Type I1 
calculations. Hughes (1974) adds callused 
remigrants to known tagged rernigrants to obtain a 
Type I1 remigration rate of 31% (51411642). Type I1 
remigration rate for Cumberland Island was 56% 
(3761671). (All rernigrants 242 - 165 = 77 multiple 
remigrants; 453 - 77 = 376). 
Type I1 remigration rate overestimates the real 
percent return of tagged turtles when it assumes 
that callused remigrants have lost their tags only 
once before. This assumption becomes increasingly 
unlikely with the longevity of a tagging project. 
Type I1 remigration also underestimates overall 
return rates because neophytes have lower return 
probabilities (Table 3). 
We have also calculated an Adjusted Type I1 
TABLE 3. THREE TYPES OF REMIGRATION RATES 
USED TO DEFINE POPULATION BEHAVIOR OF 
LOGGERHEADS FROM CUMBERLAND, GEORGIA ANT) 
TONGALAND, SOUTH AFRICA AND OF GREEN SEA 
TURTLES FROM TORTUGUERO, COSTA RICA. 
DEFINITIONS O F  THE DIFFERENT RATES ARE 
CONTAINED IN THE TEXT. 
Remigration Revised 
rates Type I Type I1 Type I1 Type 111 
Cumberland,* 
Georgia 68% 56% 49% 70% 
Tongaland. S.A.** 
(Hughes, 1974) 34% 31% - 50% 
Tortuguero, 
Costa Rica 
(Carr and Carr, 
1972) 6% 6 % - - 
after 13 consecutive seasons of tagging 
** after 9 consecutive seasons of tagging 
remigration rate (includes turtles with lost tags) for 
Cumberland turtles. A total of 242 remigration 
records was established by 165 individuals (bearing 
legible tags). In other words, previously tagged 
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remigrants composed 68.2% (1651242) of remigra- 
tion records. There were 53 originally callused 
turtles among the 165 individuals which must not 
be counted twice (Table 2). Our 211 callused 
remigrants could be 211 individuals with no multi- 
ple remigrations or 144 individuals (211 X 0.682) 
with multiple remigrants among them. Taking a 
middle figure of 178 callused remigrants, plus 112 
(165 - 53) neophyte remigrants, and adjusting total 
tagged turtles to the number which could be ex- 
pected to return (592 instead of 671 individuals from 
Table I), we obtain an adjusted Type I1 remigration 
rate of 2901592 or 49% of all tagged turtles which 
have remigrated at least once. 
Type 111, or seasonal remigration rate, 
measures annual percentage of nesting females 
which were not neophytes. When a tagging program 
is initiated Type 111 remigration rates are at first 
very low, then increase with consecutive seasons of 
tagging, and finally (theoretically) stabilize at a 
level indicative of real recruitment. I t  seems evi- 
dent, even with high tag losses, that most 
remigrants will return within six years so that a 
Type I11 remigration rate which continues a linear 
climb after six seasons may indicate insufficient 
beach monitoring on adjacent islands. Little 
Cumberland Type I11 remigration rates have con- 
tinued to rise (Richardson et al., 1978) for thirteen 
consecutive seasons, approaching 70%. 
Simultaneous coverage of Cumberland Island for 
the last three years indicates a 30% remigration 
rate, but probably includes remigrant turtles from 
Little Cumberland Island. Cumberland Island 
remigration rate should begin to climb as 
Cumberland Island turtles begin to return as 
remigrants. Current remigration rate for the com- 
bined islands (52%) reflects probable recruitment 
from previously unmonitored adjacent beaches. We 
predict that Type I11 remigration rates of combined 
Cumberland turtles could rise to 80% in another six 
years of tagging unless recruitment increases. 
Thus, we are left with 51% of our neophyte 
turtles (Adjusted Type I1 remigration rate ) which 
have never returned. Since approximately 5% of 
total tagged turtles were found dead or their tags 
returned by trawlers (Bell and Richardson, 1978), 
the unaccountable portion can be lowered to 46%. 
An additional portion of non-remigrating neophytes 
have undoubtedly been missed on Cumberland 
Island during pre-patrol years. Insufficient beach 
coverage on other adjacent islands could have left 
additional rernigrants undetected. 
However, observations (Hughes, 1974) that 
some individuals within a population are multiple 
remigrants, while others nest only once, may be 
valid for Cumberland loggerheads. We predict that 
a remigrant has a 70% probability of becoming a 
multiple remigrant. Thirty-seven percent (6 111 65; 
2nd, 3rd and 4th remigrants) of turtles have 
remigrated more than once. However, 32% (531165) 
of the remigrants had lost their original tags. These 
turtles may be considered to have at least one addi- 
tional remigration record of indeterminate length. 
Adding these additional visits to the known pattern 
of remigration (0.682 individuals per remigrating 
record) increases to 58% [(951165), (0.682 X 61) + 53 
= 951 the number of rernigrants returning two or 
more times. Then, if we adjust total number of 
rernigrants to exclude turtles who returned during 
1975 for the first time and could not have 
remigrated a second time, probability of multiple 
remigration approaches 70% (9511 27). 
CONCLUSION 
Apparently, two different return rates were evi- 
dent for loggerheads remigrating to Cumberland 
beaches. First-tagged turtles (neophytes) have lower 
remigration rates (49%) than turtles who have 
established a multiple remigration pattern (70%), 
assuming tag loss was similar for both groups, Thus 
there may be a greater probability of remigrants 
(callused turtles) becoming multiple remigrants 
than there is of neophytes returning a second time, 
contradicting the usual trend for older animals to 
show a decreasing return rate because of increased 
mortality. Finally, we believe that non-remigrant 
turtles constitute a much less important part of the 
Cumberland population than reported for Tonga- 
land (Hughes, 1974) and other nesting beaches. 
Two and three year nesting intervals were com- 
mon (56 and 319'0, respectively) for loggerheads 
nesting at Cumberland beaches. Individual turtles, 
having multiple remigration histories, had incons- 
tant nesting intervals, even through four rernigra- 
tions observed for two turtles. 
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SEA TURTLE CAPTURES OFF THE SOUTHEASTERN UNITED STATES BY 
EXPLORATORY FISHING VESSELS 1950-1976 
Harvey R. Bullis, Jr ,  and Shelby B. Drummond 
National Marine Fisheries Service 
INTRODUCTION 
Since 1950 the National Marine Fisheries Ser- 
vice has conducted exploratory trawling activities 
along the south Atlantic and Gulf coast of the 
United States as well as through the rest of the Gulf 
of Mexico and Caribbean Sea, including the north- 
east coast of South America. Over the past 26 years, 
exploratory, experimental, and simulated commer- 
cial fishing representing approximately 54 vessel- 
years was accomplished (Figure 1). Catch records for 
the National Marine Fisheries Service vessels, 
Oregon, Oregon 11, and George M. Bowers and from 
the chartered vessels Pelican, Combat, and Silver 
Bay have been maintained in the Southeast 
Fisheries Center data bank a t  Pascagoula, 
Mississippi. All incidental captures of marine 
turtles (Figure 2) were recorded and maintained in 
the data system. A total of 53 turtles have been 
taken during this period, including 41  loggerhead 
(Caretta caretta), seven green (Chelonia mydus), four 
hawksbill (Eretmochelys imbricata), and one 
leatherback (Demochel3s coriacea coriacea). 
Since trawling activities have been implicated 
in marine turtle mortalities, it was felt that an ex- 
Figure 2. Exploratory fishing turtle captures-Gulf of Mexico 
and Caribbean Sea. 
amination of these records might reveal discernible 
patterns for these incidental catches. If these 
records were established as a representative sample 
of trawling activities, it might be possible to ex- 
trapolate turtle captures and possible mortalities. 
Secondly, and more importantly, it is hoped that 
these data might reveal evidence of behavioral pat- 
terns and provide suggestions to significantly 
reduce incidental captures. 
DATA TREATMENT 
The Southeast Fisheries Center data bank is 
organized into seven faunal zones (2, 3,4 ,  5 , 6 ,  7, 28) 
between Cape Hatteras, North Carolina, and 
Brownsville, Texas (Figure 3). Discussions in this 
paper are separated by faunal zones. Parameters ex- 
amined within each faunal zone include: total trawl- 
ing effort and captures by season, time of day, water 
depth, size and type of trawl, and length of tow. 
Unfortunately, the records do not include 
precise information on mortalities. However, by 
reviewing captures with vessel and program staff, it 
Figure 1. Exploratory fishing effort-Gulf of Mexico and Carib- 
bean Sea. 
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Figure 3. Faunal Zones - Automatic data processing, Southeast 
Fisheries Center - Pascagoula Laboratory. 
has been possible to identify only two fatalities 
(dead-on-deck) out of the 53 total captures. On 
several captures, it was obvious that the turtles 
were exhausted; however, these all seemed to 
recover on deck and were subsequently released. 
These data were retrieved from two data banks, 
Pascagoula and Bay St. Louis, Mississippi. Slight 
differences in content and statistical catch and ef- 
fort data for the two banks produced slightly 
discrepant results in some instances. 
Further, we have noted in recent communica- 
tions and public testimony that many mortality 
estimates are centered in coastal sounds and inside 
waters. None of the exploratory trawling data 
covered in this report comes from inside waters. 
Therefore, it has not been possible to determine a 
meaningful relationship between reported commer- 
cial catches, mortalities and these data. In fact, the 
data show significantly different capture rates and 
patterns than have been previously described. 
Only those stations in which trawling occurred 
inside the 50-fathom depth curve have been con- 
sidered for this report. 
RESULTS 
Multiple correlations were performed on turtle 
captures as a function of depth, gear type and size, 
time of day and season or quarter. Positive correla- 
tions existed between turtle capture and gear size, 
time of day, and season. Greater catch rates were 
made with the higher opening bottomfish trawls of 
18 m or more headrope length than with the smaller 
(less than 18 m) shrimp trawls. A turtle capture rate 
of 0.009 turtleslh was calculated for the larger 
trawls (2,955 hours total bottomfish trawl effort and 
29 turtle captures). A rate of 0.004 turtleslh (4,670 
hours total shrimp trawl effort and 19 turtle cap- 
tures) was calculated for the smaller trawls, even 
though about 50% more effort was expended utiliz- 
ing the shrimp trawls. 
As mentioned above, positive correlations also 
existed between turtle captures and time of day and 
season. Turtle captures were positively correlated to 
fishing during daylight hours and in the fall and 
winter quarters. 
Since over 50% of turtles captured are found in 
faunal zones 2, 3, and 4 (Cape Hatteras to the 
southern tip of Florida), data from these zones have 
been separated and analyzed in terms of capture 
depth, quarter and time of day (Figures 4,5,6). Tur- 
tle species captured within zones 2. 3, and 4 are 
given in Table 1. 
TABLE 1. TURTLE SPECIES CAPTURED. 
Zone Species Number 
Loggerhead 
Hawksbill 
Loggerhead 
Loggerhead 
Figures 4, 5, and 6 display three parameters: 
turtles per hour, percent effort and percent turtles 
as related to the specific function (depth, quarter, 
time). The percent effort and percent turtles 
categories describe data quality, Quantitative infor- 
mation is associated with the turtlelh curve. Zonal 
summations for each function are present at the bot- 
tom of each figure. 
Considering turtle capture as a function of 
depth (Figure 4) most captures occurred inshore (0 - 
20 fm) with declining captures offshore (20 - 50 fm). 
Turtle catch rate increases inshore moving from 
north to south. 
Turtle capture as a function of quarter (Figure 
5) declined in spring and summer and increased in 
fall and winter. 
Turtle capture and effort data were grouped in- 
to six-hour time increments to determine if any cor- 
relation exists as a function of time of day (Figure 
6). Highest capture rates occurred during daylight 
hours. 
CONTINUING EFFORTS 
The Southeast Fisheries Center is continuing 
sea turtle studies in areas of behavior, sampling 
strategies, and population models. A study is being 
conducted on fishing gear to eliminate incidental sea 
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turtle captures during commercial fishing opera- provided by Dr. Andrew Kemmerer and Kenneth 
tions. Savastano at the Fishery Engineering Laboratory 
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KEMP'S RIDLEY SEA TURTLE CONSERVATION PROGRAMS AT SOUTH PADRE ISLAND, 
TEXAS, AND RANCHO NUEVO, TAMAULIPUS, MEXICO 
Kavanaugh Francis 
Volunteer Worker 
South Padre Island Sea Turtle 
Conservation Project 
INTRODUCTION 
Thirteen years ago residents in the Lower Rio 
Grande Valley. Texas became interested in survival 
of the Atlantic ridley, or Kemp's ridley, sea turtle. 
This interest prompted an egg transplant project at- 
tempting establishment of a Kemp's ridley nesting 
population on South Padre Island, Texas. This pro- 
ject was expanded to other conservation activities 
involving all sea turtle species native to the lower 
Texas coast. Through these years our volunteer 
workers have accumulated a large amount of ex- 
perience, information, observations and opinions 
concerning sea turtles in our area, particularly the 
Kemp's ridley. 
Frequent trips were made to assess natural 
nesting of Kemp's ridley at Rancho Nuevo, 
Tamaulipas, Mexico, to study the activities and ef- 
fectiveness of the conservation project at the 
nesting beach, and to show support and encourage- 
ment to the Mexican government's program for pro- 
tection and propagation of Kemp's ridley sea 
turtles. 
KEMP'S RIDLEY EGG 
TRANSPLANT PROJECT 
There were no conservation programs for the 
Kemp's ridley on South Padre Island, Texas prior to 
1967. The first project was started by a group of in- 
dividuals headed by Mr. Dear1 Adams of 
Brownsville, Texas. They became concerned about 
decreasing nesting populations and severe egg 
predation at Rancho Nuevo, Tamaulipas, Mexico. 
An egg transplant project was started to establish a 
nesting population on South Padre Island, pro- 
viding additional protection and extended nesting 
range. 
A permit was obtained from the Mexican 
government to remove 2000 eggs from Rancho 
Nuevo in 1967. Eggs layed a t  the Mexican nesting 
beach were airlifted and placed in nests on South 
Padre Island within one day. Hatchlings (n=1102) 
were released directly into the Gulf of Mexico. Con- 
currently, the Mexican government established con- 
servation programs to protect nesting sites at Ran- 
cho Nuevo. 
Without evidence that a new population could 
be established, further transplant efforts were 
discontinued after 1967. I t  was estimated that the 
Kemp's ridley could reach maturity in six to eight 
years. Consequently, a camp was established in 
1973 and the beach patrolled daily from mid-April 
until the end of June. No turtles or turtle tracks 
were sighted or reported on the beach. 
A camp and patrolling was established again in 
mid-April 1974. On May 13, a Kemp's ridley sea tur- 
tle nested on South Padre Island. This turtle nested 
one half mile south of the release site and layed 117 
eggs, which were moved to a protected nest near 
camp. Sixteen hatchlings emerged from this nest. 
No other ridley turtles or turtle tracks were 
reported, except for a dead mature female which 
washed ashore eight miles north of camp on May 20. 
In 1975, three sets of turtle tracks were sighted 
on South Padre Island, but nesting activity could 
not be determined. A large ridley was entangled in a 
fishermen's gill net in Gulf surf one half mile south 
of camp (10 August). This turtle escaped unharmed. 
Beach patrols in 1976 were directed by Mr. Earl 
Lippoldt of South Padre Island who observed 
several turtles and two confirmed nestings. Two 
mature female Kemp's ridley turtle carcasses wash- 
ed ashore 9 March within 100 yards of each other 
about 10 miles south of camp. These turtles were 
without heads and flippers. They were probably 
caught in a shrimp trawl and the neck and flippers 
removed for 1eather.One week later a similarly maul- 
ed turtle washed ashore approximately 15 miles 
north of camp. Ten miles north of camp, 26 May, 
turtle tracks were sighted but no eggs could be 
located. The area where these tracks were sighted 
was watched each morning after 49 days. Six hatch- 
lings were found 17 July, and the exact nest location 
was determined. One hatchling emerged 18 July. 
The next morning the nest was opened, 100-105 
eggs were found; 90-95 had hatched. Tracks and a 
nest with 95 eggs were found 12 June three miles 
north of camp. These eggs were moved to a pro- 
tected nest a t  camp. On 1 August, 87 hatchlings 
emerged from this nest. The nest was excavated 2 
August and two more hatchlings were found, giving 
a 94% hatch. 
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In addition to these two confirmed nestings, 
two other sets of tracks were sighted by the public 
and not reported for several days. These tracks 
could not be located or confirmed by patrols. From 
1973 to 1976 it was likely that nesting on South 
Padre Island may have occurred but was not 
detected. Nesting Kemp's ridley turtles are much 
smaller than other species. Their tracks and nests 
are smaller, not as deep, or as pronounced as with 
other species. This can make detection difficult, par- 
ticularly considering that a single nesting may take 
place anywhere along 15 miles of beach. Also, the 
Kemp's ridley prefers nesting when there is an extra 
high tide and high surf with strong winds. This 
makes beach patrolling difficult; blowing sand can 
quickly cover tracks and nest. 
We have been encouraged by these sightings 
and the three confirmed natural nestings on South 
Padre Island. Although these sightings and 
nestings may have been incidental occurrences, they 
occurred on a relatively short section of beach where 
the hatching and release site was located, which sup- 
ports our belief that these nestings are the results of 
the egg transplant project. The beach along the 
lower Texas coast from Mustang Island southward 
along the length of Padre Island, Boca Chica beach, 
and Washington beach in Mexico to the Third Pass 
is easily accessible and frequently traveled. There 
have not been any reported incidental nestings or 
sightings of mature Kemp's ridleys along this 200 
mile length of beach in recent years. This indicates 
that the egg transplant project has resulted in the 
successful establishment of a small population of 
nesting Kemp's ridley sea turtles on South Padre 
Island, Texas. 
OTHER SEA TURTLE 
CONSERVATION ACTIVITIES 
In support of the egg transplant project, it was 
desirable to rear several Kemp's ridley hatchlings to 
observe growth rates, adaptability to captivity, diet 
and feeding habits, and to assist in studying and 
estimating maturity. Mrs. Ila Loetscher 
volunteered to care for these turtles in captivity. 
Mrs. Loetscher's activities (1966-1976) were ex- 
panded to include treatment and rehabilitation of 
sick or injured sea turtles found washed ashore or 
caught by fishermen or shrimp trawlers. Approx- 
imately 50 turtles were saved and returned to the 
wild by Mrs. Loetscher and assistants from 
1971-1976. Green and loggerhead turtles most often 
benefited from these activities. Occasionally a 
Kemp's ridley or hawksbill turtle was treated. 
A very active public education program was 
conducted by turtle workers, increasing the 
awareness of many people in South Texas. Many 
turtles washed ashore dead were reported to turtle 
workers. Anytime a dead turtle was reported we at- 
tempted to determine species, size and possible 
cause of death and a report was given the proper 
governmental agency. Periods of high mortalities 
were observed. For example, during a ten day period 
(March 1976) twelve beached turtles were found and 
examined on South Padre Island (nine loggerheads, 
three Kemp's ridleys). Occasionally, if carcasses 
were fresh or of special interest, they were saved and 
given for scientific study. 
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IMPACT OF DEVELOPED COASTLINE ON NESTING AND HATCHLING 
SEA TURTLES IN SOUTHEASTERN FLORIDA 
Tom M. Mann 
Florida Atlantic University 
Master's Thesis Summary 
Sea turtle nesting and hatchling emergence on aerial maps by triangulation, permitting com- 
were studied along 12 miles of developed beach be- parison of nesting densities on different sections of 
tween Delray Beach and Ft. Lauderdale, Florida coast. The bearings assumed by emerging hatch- 
(Figure 1). The primary purpose of the study was to lings were measured a t  397 nests, and wherever 
determine impact of man-made conditions on possible hatchling fates were determined* A 
nesting females, nest contents, and emerging measure of the degree and impact of turtle disorien- 
young. Species and numbers of turtles nesting local- tation a t  various beaches was thus obtained. Ar- 
ly were also determined. Nest locations were plotted tificial light intensity measurements were made on 
~ r l A N 1 l C  OCEAN 
A t l A N f l C  OCEAN 
Figure 1. Location of beach sectors surveyed in this study. 
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developed beaches. Post-emergent contents in 422 
nests were assessed to determine impact of 
vehicular and pedestrian beach traffic on nesting 
success. 
At least 95-128 loggerhead (Caretta caretta) 
nests per mile were constructed on the six miles of 
beach most efficiently surveyed. Seventeen green 
turtle (Chelonia mydas) nests were also found, pro- 
bably involving four or five females. Nesting 
females of both species apparently did not avoid in- 
tensely lighted, highly developed beaches in favor of 
darker, undeveloped beaches. Moving light sources 
(automobiles) visible from the beach in some areas 
may have deterred nesting, Rock groins (circular 
mounds of rock used to retard erosion) positioned 
60-75 feet apart in the intertidal zone a t  Deerfield 
Beach may have deterred nesting. False crawls and 
nests were very scarce on this beach even though 
wide spacing of groins permitted easy access. 
The majority of hatchlings were disoriented and 
usually headed inland on beaches where nearby ar- 
tificial light sources were directly visible from the 
nest. However, when artificial light point sources 
were not visible from nests, hatchlings often 
oriented correctly, even though diffuse light over 
the landward horizon was more intense than that 
over the sea. When the moon was brightest and visi- 
ble for most of the night, emerging hatchlings would 
sometimes orient correctly from beaches where 
disorientation usually occurred on moonless nights. 
Percentage of disoriented hatchlings killed by 
automobiles, dessication, or ghost crabs varied from 
near 0 to 96%, depending mainly on presence or 
absence of barriers (seawalls, buildings, vegetation) 
which could effectively prevent hatchlings from 
leaving the beach. Mortality was greatly reduced 
where barriers landward of the beach were present. 
The majority of disoriented hatchlings on most 
beaches eventually reached the ocean, often only 
after protracted periods of meandering. Significance 
of energy wasted during this wandering is not 
known. Persistence of disorientation is unknown 
after hatchlings have entered the water near lighted 
areas. These questions must be resolved before total 
impact of lighted coastlines can be evaluated. 
Percent of hatchlings successfully emerging is 
apparently influenced by local sand conditions and 
external pressures of vehicular and pedestrian traf- 
fic. Hatchling mortality within nests was greater on 
soft beaches with coarsegrained sand than on firm, 
fine-grained beaches. I t  is postulated that hatchling 
emergence chambers from nests in soft, loose sand 
are prone to spontaneous or hatchling-induced cave- 
ins, making escape from nests difficult. When exter- 
nally applied pressures such as those from footfalls 
or beach machinery are common on such beaches, 
mortality within the nests may increase. On firmer 
beaches these external influences do not take such a 
great toll. 
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NATURAL RESERVES FOR THE CONSERVATION OF MARINE TURTLES OF MEXICO 
Rene Marquez M. 
Instituto Nacional de Pesca 
INTRODUCTION 
Sea turtles occur in tropical and subtropical 
coastal waters. They have an extraordinary life cy- 
cle. Sea turtles are most vulnerable while on beaches 
(as nesting adults, eggs and hatchlings). Females go 
ashore only during the spawning season, commonly 
every two years, and lay approximately 100 eggs in 
a nest dug in the sandy beach. Incubation takes 40 
to 60 days 133'C). Mortality by animal and human 
predators is highest during this period. Additional 
causes of nest failure include parasites, bacteria and 
other microorganisms, as well as affects of en- 
vironmental conditions such as long dry seasons 
and storms. 
Sea turtles world-wide are becoming scarce 
through excessive exploitation and the impact of 
human populations on rookeries. Since 1964 the Sea 
Turtle Program in Mexico has been investigating 
the locations, physical and biological conditions, 
and protection requirements of sea turtle rookeries. 
The number and size of the rookeries have made ef- 
fective protection difficult and expensive; some 
rookeries cover more than 60 km of beach. Exten- 
sive governmental intervention in the form of 
Natural Reserves is proposed to change these condi- 
tions. The- Program depends on the cooperation of 
fishermen and local authorities. Poachers continue 
to thrive, supported by an extensive market, both in 
the country and abroad. Catching and disturbing 
sea turtles will be prohibited within four kilometers 
around these proposed Natural Reserves. The 
Reserves must have strong regulations to avoid the 
influences of civilization, such as tourist complexes, 
highways and industries, as well as to provide direct 
~Gtection of sea turtles, eggs and nests. 
NATURAL RESERVES 
These Natural Reserves should prevent man 
from disturbing nesting beaches of sea turtles and 
assure continued maintenance of the ecosystem, 
thus preventing destruction of the natural life cycle. 
In conjunction with the establishment of Natural 
Reserves, educational information on wildlife con- 
servation will be provided for coastal fishermen. 
Effective management necessitates the follow- 
ing regulations for Natural Reserves: 
Reserves must be officially proclaimed for 
public interest exclusively and for national 
wildlife preservation. 
Reserves must be national property and 
extended if necessary to encompass more 
areas of land, shoreline and sea. 
Construction must be limited to that 
necessary for the care, study and protec- 
tion of these reserves with supervision by 
the Instituto Nacional de Pesca or similar 
organization. 
Any installation, building or facility for 
purposes other than the natural preserva- 
tion of sea turtles and other natural 
organisms in these areas must be forbid- 
den. 
Institutions or individuals will be allowed 
to work or study in these areas only with 
special permit issued by the Departamento 
de Pesca and always in the interest of con- 
servation of the Natural Reserve. 
Transit of unauthorized people in these 
reserves and commercial fishing or hunting 
within four kilometers of these areas must 
be prohibited. 
Reserves shall be administered by the 
Departamento de Pesca which will coor- 
dinate other governmental bureaus and en- 
forcement policies. 
Work, study and research programs in all 
reserves will be by the Departamento de 
Pesca. 
Due to the importance of the sea turtle 
fishery, the cooperation of fishermen and 
fishing organizations must be achieved for 
protection of sea turtles and their habitat. 
This will be coordinated by the Instituto 
Nacional de Pesca and the Departamento 
de Pesca. 
10. Every Natural Reserve will have its own 
special regulative laws. 
11. All of these Natural Reserves must be pro- 
claimed in the "Dian'o Oficial" (edict law 
daily publication). 
The seven Natural Reserves proposed (Figures 
1, 2) are considered the minimum necessary to 
enhance sea turtle stocks along both Mexican 
coasts. Good management of these areas on the 
Pacific coast should provide the necessary beach 
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Figure 1. Major east and west rookeries for sea turtles in Mexico and sites of Natural Reserves. 
habitat for maintaining optimal sea turtle stocks. 
Along the Gulf of Mexico and Caribbean coasts col- 
onies are already depleted. In order to restore these 
colonies special efforts will have to be made to con- 
trol commercial activity by national and foreign 
fishermen. 
The Natural Reserves proposed are: 
PLAYADERANCHONUEVO 
STATE: Tamaulipas 
GEOGRAPHIC BOUNDARIES: 
North: 23'18' 10"N-97"45'40"W, 
South: 23'10'N-97'45 '30"W 
BEACH LENGTH: 17.6 km 
SPECIES AND NESTING SEASON: a.) Tor- 
tuga Lora (Lepidocheiys kempii) April-July. b.) 
Tortuga Cahuama (Caretta caretta) July- 
September. c.) Tortuga Blanca (Chelonia 
mydas) July-October. 
PREDATORS: Man, cattle, dogs, birds, etc. 
ACTUAL CONDITION: The adult population 
of Atlantic ridleys is estimted a t  less than 5000 
individuals given a 1:l sex ratio. The former 
population was estimated from a 1947 film a t  
about 40,000 nesting females in one 
"arribada". 
CATCH: In Mexico the Kemp's ridley is pro- 
tected by law. Indirect annual catch, by U.S., 
Cuban and Mexican shrimp trawlers is 
estimated a t  500 animals. 
GUIDELINES FOR PROTECTION: Capture 
or other disturbance of turtles is prohibited. A 
turtle camp will be established during the four- 
month nesting season to protect and monitor 
the reserve. 
ISLA CONTOY 
STATE: Quintana Roo 
GEOGRAPHIC BOUNDARIES: 
North: 21 "32'N-86"48'30"W, 
FLORIDA MARINE RESEARCH PUBLICATIONS 
YIA  ta lzoa 
Figure 2. Major sea turtle rookeries in the Yucatan area of Mexico and site of the Isla Contoy Natural Reserve. 
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South: 21 "28 '40 "N-86"48 ' 10 "W 
BEACH LENGTH: 9.5 km 
SPECIES AND NESTING SEASON: a.) Tor- 
tuga  Blanca (Chelonia mydas) June-  
September. b.) Tortuga Cahuama (Caretta 
caretta) May-August. c.) Tortuga de Carey 
(Eretmochelys imbn'cata) April-July. 
PREDATORS: Man, sea birds, ghost-crab, etc. 
ACTUAL CONDITION: All these species 
need special protection with international 
agreements in order to diminish the commer- 
cial catch. 
CATCH: The annual Mexican catch reported 
for green and loggerhead turtles is less than 
100 tons each. Hawksbill are caught in negligi- 
ble quantities. Cuba appears to exert con- 
siderably greater pressure on all three species 
in this area. 
GUIDELINES FOR PROTECTION: In Mex- 
ico the hawksbill is completely protected. The 
other two species have catch quotas and a clos- 
ed season from May to August. At Isla Mu- 
jeres, Quintana Roo, there is a nursery and 
every year around 10,000 hatchlings of these 
three species are released. 
PLAYA DE MISMALOYA 
STATE: Jalisco 
GEOGRAPHICAL BOUNDARIES: 
Ipala: 20°14~N-105"36'W. 
Roca Negra: 19"40tN-105O20'20"W 
BEACH LENGTH: 63 km 
SPECIES AND NESTING SEASON: a.) Tor- 
tuga Golfina (Lepidochelys olivacea) June- 
November. b.) Tortuga Prieta (Chelonia 
agassizii) July-September. 
PREDATORS: Man, dogs, sea birds, 
rapacious birds, nocturnal mammals, etc. 
ACTUAL CONDITION: It is necessary to pro- 
tect this rookery against egg poachers and the 
beach slaughter of nesting females. The 
reproductive population has declined rapidly 
for both species since the introduction of 
"shark entangling nets." 
CATCH: There is a quota for the November to 
May season, exclusively for fishermen of the 
cooperative. 
GUIDELINES FOR PROTECTION: There is 
a closed season from June to October. The use 
of shark entangling nets is forbidden during 
this period. A turtle camp is established on the 
beach a t  this time. Vigilance is required since 
poaching of eggs and females nesting is a conti- 
nuing problem. 
PLAYAS DE MARUATA Y COLOLA 
STATE: Michoacan 
GEOGRAPHIC BOUNDARIES: 
Maruata: 18°15'30~N-103021'00"W, 
Colola: 18°18'00"N-103026'45"W 
BEACH LENGTH: 12.5 km 
SPECIES AND NESTING SEASON: a.) Tor- 
tuga Prieta (Chelonia agassizii) June- 
November. b.) Tortuga Laud (Dermochelys 
schlegelii) August-December. c.) Tortuga 
Golfina (Lepidochelys oliuacea) July-October. 
PREDATORS: Man, dogs, nocturnal mam- 
mals, ghost-crab, sea birds, etc. 
ACTUAL CONDITION: Like the other 
beaches it is necessary to maintain a constant 
vigilance throughout the nesting season 
because the predation of eggs during the in- 
cubation period is very high. These nesting 
beaches are the major area for "black sea tur- 
tle" in Mexico. 
CATCH: There is a developing commercial 
catch in the region and shark entangling nets 
are being introduced. A low quota for the en- 
tire Michoacan state is in effect during the 
nesting season. 
GUIDELINES FOR PROTECTION: During 
the five months of closed season the protection 
of this beach is achieved by the native 
fishermen. They have religious considerations 
for the female nesting turtles, but they use 
eggs all year for human consumption, 
PLAYA DE PIEDRA DE TLACOYUNQUE 
STATE: Guerrero 
GEOGRAPHIC BOUNDARIES: 
Morro de Papanoa: 17"16'N-101°03'W, 
Barra de San Luis: 17"13'N-105°56'W 
BEACH LENGTH: 11.9 km 
SPECIES AND NESTING SEASON a.) Tor- 
tuga Golfina (Lepidochelys oliuacea) June- 
November. b.) Tortuga Prieta (Chelonia 
agassizii) July-September. c.) Tortuga Laud 
Dermochelys schlegelii) August-December. 
PREDATORS: Man, hogs, dogs, etc. 
ACTUAL CONDITION: Constant vigilance 
and protection is necessary during the nesting 
season. Predation of eggs and females is very 
high and stock depletion is occurring. 
CATCH: The commercial catch is restricted to 
one cooperative organization and the quota is 
very low. Illegal catch during the closed season 
is not completely controlled. 
GUIDELINES FOR PROTECTION. The 
fishermen of the cooperative do the protection 
during the closed season, but the social and 
financial problems of this make it impossible 
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to do without official help. Further assistance 
appears necessary. The quota for these species 
and closed season throughout the state must 
be enforced. 
PLAYA BAHIA CHACAHUA 
STATE: Oaxaca 
GEOGRAPHIC BOUNDARIES: 
Punta Galera: 15"57'N-97"41'W, 
Chacahua Oeste: 15"56'20 "N-97"33'W 
BEACH LENGTH: 7.4 km 
SPECIES AND NESTING SEASON: a.) Tor- 
tuga Golfina (Lepidochelys oliuacea) June- 
November. b.) Tortuga Laud (Dermochelys 
schlegelii) September-December. 
PREDATORS: Man takes eggs and females on 
the beach; dog and other predators take eggs 
and hatchlings. 
ACTUAL CONDITION: The population re- 
mains a t  a high level, the fishery is 
undeveloped. 
CATCH: Over this part of the Oaxaca coast 
there is no organized commercial fishery. The 
catch by local fishermen is negligible. 
GUIDELINES FOR PROTECTION. A 
general closed season affects this area. There is 
no turtle camp established during nesting 
season by either cooperatives or government, 
but one is needed to improve protection. 
PLAYA DE LA ESCOBILLA 
STATE: Oaxaca 
GEOGRAPHIC BOUNDARIES: 
Rio Cozoaltepec: 15'43 ' 10 "N-96 "45 ' 30 'W, 
Rio Tonameca: 15 " 40 ' 30 "N-96" 38 ' W 
BEACH LENGTH: 7.5 km 
SPECIES AND NESTING SEASON: a.) Tor- 
tuga Golfina (Lepidochelys olivacea) June- 
November. b.) Tortuga Laud (Dermochelys 
schlegelii) September-December. c.) Tortuga 
Prieta (Chelonia agassizii) June-October. 
PREDATORS: Man harvests eggs and 
nesting females; other predators have minimal 
impact. 
ACTUAL CONDITION: Every year on this 
beach a turtle camp is established with 
technical assistance from the government. 
This protection is effective during the nesting 
season. The population is at a high, constant 
level. 
CATCH: There is a yearly quota for every 
cooperative organization. The total annual 
catch is around 1,600 tons of olive ridley turtle. 
GUIDELINES FOR PROTECTION: See Ac- 
tual condition. A closed season during five 
months (June-November) for protection of 
eggs and females needs to be enforced. 
CONCLUSIONS 
Management of the rookeries depends on full 
utilization of all legal regulations: quotas, closed 
seasons, minimum sizes, etc. In order to protect the 
major rookeries and to facilitate recruitment of new 
individuals to the population, it is necessary to pro- 
vide complete protection from imposed human ac- 
tivities-new roads, tourist or industrial complexes, 
and urbanization-through government interven- 
tion. The seven Natural Reserves recommended in- 
clude major rookeries of all native sea turtle species. 
Preservation of these sites and careful fisheries 
management can enhance the future survival of our 
sea turtles. 
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NATIONAL MARINE TURTLE MANAGEMENT PROGRAM 
Larry H. Ogren 
Southeast Fisheries Center 
National Marine Fisheries Service 
and 
Donald R. Ekberg 
Southeast Regional Office 
National Marine Fisheries Service 
ABSTRACT 
In recent years, considerable evidence has ac- 
crued that indicates a decline in populations of all 
marine turtle species, As a consequence, three 
species (Kemp's ridley, hawksbill and leatherback) 
have been placed on the endangered species list and 
three others (green, loggerhead, and olive ridley) 
have been proposed for inclusion on the threatened 
species list. While this action may curb the decline 
of sea turtles, it does not insure a satisfactory en- 
vironment for sea turtles to develop and maintain 
an equilibrium population. Such an environment can 
only come from proper conservation and manage- 
ment practices. The NMFS management plan has 
been formulate with long and short term achievable 
goals to conserve sea turtle populations and still in- 
crease present fish trawling efficiency. This ap- 
proach should be compatible with the goals of 
federal, state and private groups and adhere to all 
laws, rules and regulations. 
The ultimate goal of this plan is removal of sea 
turtles from endangered or threatened species lists. 
To accomplish this goal, it is necessary to establish 
and maintain some optimal population size, based 
on the carrying capacity of available habitat. The 
structure of such a recovery can be defined by ex- 
amination of habitat and population models. 
Habitat and population specifications thus con- 
stitute the major areas in which suitable data bases 
must be obtained. Furthermore, since sea turtle 
populations are declining, particular attention must 
be directed to turtle mortalities and habitat altera- 
tions. Reduction of non-directed (incidental catch) 
mortality has been addressed by the institution of a 
trawl modification program. 
The National Marine Turtle Management pro- 
gram is scheduled to last approximately ten years. 
Short term goals of assessment of non-directed mor- 
tality and prototype trawl development will be com- 
pleted as soon as possible. Habitat and population 
modeling will begin the first year. Since most 
critical habitat and incidental catch areas are in the 
Southeast Region, the program will initially focus in 
this region. 
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MARINE TURTLES OF THE U.S. PACIFIC TRUST TERRITORIES (MICRONESIA) 
Peter C. H. Pritchard 
Florida Audubon Society 
INTRODUCTION 
Micronesia is an artificial and relatively modern 
collective name for one of the three great groups of 
islands of the Pacific Ocean. The water area of 
Micronesia is approximately three million square 
miles - comparable to the area of the Continental 
United States. The islands themselves are so small 
that the land area is only half the size of Rhode 
Island. 
Micronesia is separated into six Districts, 
known as the Palau, Chamorro or Marianas, Yap, 
Truk, Ponape and Marshall Islands Districts. In ad- 
dition, the island of Guam, an unincorporated Ter- 
ritory of the United States, is part of Micronesia 
although not part of the Trust Territories, The 
islands of Nukuoro and Kapingamarangi, although 
part of the Trusflerritory, are culturally Polyne- 
sian rather than Micronesian. The languages spoken 
in the six Districts bear almost no relationship to 
each other, due to the cultural and physical isolation 
caused by the immense ocean distances between 
islands. 
The information presented was gathered during 
a single month of field work, in March and April 
1976, combined with literature studies and ques- 
tioning of informed individuals both throughout the 
Territory and in the United States. 
Two species of marine turtles are common in 
Micronesia: the green turtle and the hawksbill. The 
green turtle is more plentiful than the hawksbill, ex- 
cept in the Palau District. The olive ridley turtle is 
seen infrequently in the Yap and Marianas 
Districts. Adults and immature leatherbacks are 
also occasionally seen. 
STUDY AREAS 
PALAU DISTRICT 
The Palau District has significant populations 
of both hawksbill and green turtles. Hawksbills are 
found in the main lagoon of Palau, a beautiful reef 
area with hundreds of small limestone islands. 
Nesting occurs on those few islands having beaches, 
including Aulong, Ngeangas, Ngobadangel, 
Unkaseri, Abappaomogan, Eomogan, and 
Ngerugelbtang. 
There is intensive exploitation of sea turtles. 
principally for their shells. Although no natural egg 
predators have been recorded, eggs are harvested 
with approximately 80% efficiency. Turtles are 
sometimes preyed upon by crocodiles, Crocodylus 
porosus. Robert Owen. Chief Conservationist for 
Micronesia. examined 300 crocodile stomachs, of 
which six contained remains of hawksbills. 
Hawksbill shells are sold as souvenirs in Palau 
in relatively large numbers. One out of five Japanese 
and other tourists departs with a turtle shell. Shells 
sell for $60-$70 each; elaborately engraved ones are 
more expensive. 
The United States Endangered Species Act ap- 
plies in the Trust Territory. The Trust Territory 
code protects hawksbills less than 67 cm long and 
offers a closed season during the summer breeding 
months. Neither law is enforced due to threats and 
physical danger to conservation personnel. 
Four thousand to  five thousand young 
hawksbills were released by head-starting into the 
Palau lagoon from 1968 to 1970. About 1,000 turtles 
(carapace length 15-18 cm) were released in 1971. 
Although head-starting is not a proven conservation 
technique, it appears worth pursuing with the 
hawksbills in the Palau lagoon, a semi-enclosed 
marine ecosystem containing a wide choice of small 
sandy beaches for nesting. 
Green turtles are not often seen in the Palau 
lagoon. They do appear frequently in the northern 
islands, and nest in large numbers on some of the 
southern islands, particularly in Merir and Helen's 
Islands. Some nesting also occurs on Tobi, Sonsorol. 
and Pulo Anna. These islands, except for Helen's 
Island, are all inhabited, causing-peat human 
pressure on both turtles and their eggs. 
Conservation requirements for the Palau 
District include measures to prevent raids on the 
turtles of Helen's Reef by Taiwanese and other 
foreign poachers. U. S. Government Field Trip 
vessels regularly encounter poachers with 25-100 
green turtles on their boats. Field Trip vessel per- 
sonnel are serious offenders themselves, collecting 
turtles from beaches and reefs. 
A plan of education aimed a t  Palauans and 
tourists explaining the reasons for the protected 
status of hawksbill turtles has been recommended. 
More stringent law enforcement will evolve concur- 
rently with this education, 
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YAP DISTRICT 
Green turtles nest on several islands in the Yap 
District. including Ngulu, Pikelot, West Fayu, 
Ifaluk, and Olimarao. The most important nesting 
grounds in the District appear to be the islands of 
the Zohhoiiuoru Bank, notably the uninhabited 
islands of Gielap and Iar of the Ulithi atoll. 
Nesting turtles have survived here primarily 
because of elaborate taboos and ownership customs. 
These islands belong to the people of Falalop Island, 
but the turtles traditionally belong to the chiefs of 
the island of Mogrnog. Turtles captured by the peo- 
ple of Falalop must be taken to Mogrnog for 
slaughter. Mogmog chiefs exact a commission equal 
to about 95% of the turtles. Accordingly, the 
pressure on the turtles is mitigated. 
In September 1974 an unknown person, 
presumably from Falalop, killed a nesting turtle and 
attempted to hide the remains. These were found by 
a Mogrnog chief, who immediately issued a general 
punishment to all people of Falalop. For three weeks 
they were prohibited from touching sea water, 
catching fish, travelling on or over water, or eating 
any kind of sea food. This punishment even applied 
to U. S. Government employees, Peace Corps per- 
sonnel and a Jesuit missionary. I t  is noteworthy 
that this edict was respected, while the terms of 
U. S. law and the Trust Territory Code are for the 
most part not even known or followed. 
The people of Satawal Island, in the eastern 
part of Yap District, make long canoe trips to the 
islands of Pikelot and West Fayu to harvest nesting 
turtles. If this practice were banned, there might be 
a serious breakdown of both social structure and 
material culture. The canoes of Satawal Island are 
among the last primitive sailing canoes in use in 
Micronesia and are made expressly for the purpose 
of getting turtles. The turtles gathered on these 
trips are distributed to the people of Satawal 
without charge. 
Significant nesting beaches do not occur on 
Guam or the Mariana Islands. Some nesting occurs 
on southern Guam beaches and possibly on the 
northern beach between Ritidian Point and Pati 
Point. Turtle meat can be purchased in Guam in 
some places with U.S.D.A. food stamps. Large 
numbers of stuffed turtles are sold in Saipan; they 
are said to be locally caught. 
TRUK DISTRICT 
Hawksbills are found in the lagoon of the Truk 
Islands. They nest on the islands of Hopal, Tora, 
Ruac, Lap, Ishi, Onao, Tonelik, Pis, Alanenkobwe, 
Lomoil, and Falalu. Hawksbills also nest on 
uninhabited islands in the Lower Mortlocks. Green 
turtles are not known to nest in the Truk Lagoon 
area. However, they do nest on East Fayu, located 
about 110 km north-northwest of the entrance to the 
Truk Lagoon. The nesting season on East Fayu 
begins around February. The rights to this turtle 
resource are vested in the people of Nomwin Atoll. 
A few green turtles are also reported to nest on 
Fanang Islet, a t  the eastern end of Nomwin Atoll. 
People of the western Truk islands of Pulusuk, 
Puluwat, and Tamatam Islet of Pulap Atoll cross 
over into the Yap District to collect turtles from 
Pikalot. Three or four times during the season of 
favorable winds, March and April, approximately 
twenty turtles are captured an6 returned. 
PONAPE DISTRICT 
The best nesting island in the Ponape District is 
Oroluk. Oroluk Atoll once included nineteen small 
islands, Now. only Oroluk Island remains, the rest 
having been destroyed by typhoons. Oroluk Island 
itself is at  the northwest corner of a reef. Between 
9-15 turtles are estimated to nest here on an average 
night, with as many as 20 on a good night. The 
nesting season is reported split between a 
December-January period and a June-July period. 
Oroluk, uninhabited before 1973, now has approx- 
imately 18 residents. These people heavily exploit 
nesting turtles, seriously threatening this turtle 
population. 
MARSHALL ISLAND DISTRICT 
In the Marshall Islands, nesting of green turtles 
is largely confined to the uninhabited atolls, with 
some nesting on khe more remote and uninhabited 
islets of larger inhabited atolls. Further survey work 
is needed to define these populations. The best 
nesting beaches are on Bikar and Jemo, but Erikub 
and Taka may also be significant. Nesting on 
Ujeland, an atoU closer to Ponape than to the 
population centers of the Marshalls, is suspected. 
Turtles are seen in the water around nearly all 
islands, but there are few other confirmed nesting 
sites. 
SUMMARY 
Significant populations of two species of sea 
turtles-the green and the hawksbill-exist in 
Micronesia. Presently sea turtle stocks are inade- 
quately managed due to poorly enforced closed 
seasons and other capture restrictions. Although 
the US.  Department of Interior listed hawksbills as 
an endangered species, hawksbill turtle products 
from the Trust Territory are no longer being con- 
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fiscated when imported by tourists into the United 
States. The Endangered Species Act is not enforced 
on the grounds that importation of hawksbills by 
tourists qualifies as private interstate shipment, not 
commerce or importation from abroad. U.S. law 
should be enforced, though "cultural variances" 
might be granted for traditional patterns of ex- 
ploitation such as exist in some parts of the Yap 
District. Field Trip vessel crews must be served 
notice that they are expected to follow the law and 
refrain from collecting turtles. 
Many turtle conservation schemes, such as 
hatcheries, farms, and closed seasons, have been 
proposed for the Trust Territory. The best way to 
maintain a sea turtle population is to kill fewer 
turtles; where human needs are not overriding, sea 
turtles should not be killed a t  all. Eventually we 
may reach a point in our knowledge of turtle popula- 
tion dynamics to decide which type of exploitation 
causes the populations the least harm. Until that 
time we should play safe and minimize exploitation 
of these demonstrably vulnerable creatures as far as 
possible. 
NUMBER 33 
FLORIDA'S ENFORCEMENT OF MARINE TURTLE CONSERVATION LAWS 
Major Lewis Shelfer 
Florida Marine Patrol 
ABSTRACT 
The Florida Marine Patrol, consisting of ap- 
proximately 200 officers stationed in Florida coastal 
counties, is the law enforcement branch of the 
Department of Natural Resources. Primary respon- 
sibility is enforcement of those laws regulating 
marine resources, boating safety, seafood quality 
and coastal protection. Prior to 1953, Florida had 
enacted laws protecting loggerhead and green sea 
turtles, all sea turtle eggs and nests from May 
through August. The Florida Legislature in 1974 
passed a law for full protection of all sea turtles 
year-round. Marine Patrol arrest records do not dif- 
ferentiate violations of specific portions of the 
Florida Statutes. Therefore, specific information on 
sea turtle law violations is not available. Enforce- 
ment procedure includes both day and night beach 
patrols utilizing radio-equipped automobiles, beach 
vehicles, and boats. Strict law enforcement and in- 
creased public awareness have caused a decline in 
violations of sea turtle protection laws in recent 
years. 
66 FLORIDA MARINE RESEARCH PUBLICATIONS 
ACKNOWLEDGEMENTS 
The Conference on Sea Turtles and these Pro- 
ceedings are the result of extensive efforts of many 
people. Thanks are extended to E. A. Joyce, Jr. and 
D. S. Beaumariage, who conceived this Conference 
and assisted throughout. Special thanks to William 
C. Trimble, Ross Witham, and Dr. Frederick A. 
Kalber, the initial organizers of the Conference at 
Jensen Beach. Dr. Earnest Tealey of Florida In- 
stitute of Technology coordinated use of their 
Jensen Beach campus facilities and provided ex- 
cellent logistic support throughout the Conference. 
Grateful thanks are extended to Jackie Haag, 
Cheryl Greenwood and Theresa Cheek for con- 
ference material preparation and manuscript typ- 
ing. Terry Cone, Cynthia Carter, Judith Graves and 
Charles R. Futch provided excellent editorial sup- 
port. Special thanks are also extended to the many 
members of the Marine Research Laboratory who 
critically read and commented on these papers, in- 
cluding William Grey, Jean Williams, Lynn Morey, 
Daniel Roberts, Mark Moffler, Linda Walker, and 
especially Alan Huff. 
This publication was entirely funded by the 
Chelonia Institute, Arlington, Virginia, whose sup- 
port we gratefully acknowledge. 
Finally, the contributors to this Proceedings are 
thanked for their research and continuing efforts to 
understand and protect our sea turtle resources. 
